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Abstract
Disadvantaged groups tend also to constitute population minorities. One consequence of this
is that the policies implemented by electorally accountable governments often fail to reflect
minority interests. A policy solution is to enhance the political power of minority groups as a
vehicle for promoting their policy interests. This paper analyzes the success of an electoral
law, which does so by reserving seats for minority groups in legislatures, in promoting
minority interests. The paper develops a theoretical model of the political process to analyze
the policy impact of such a law. The key theoretical assumption, that candidates cannot
commit to policies, implies that identity is relevant to policy choices. The analysis identifies
economic reasons why this may lead parties to never field minority candidates. In such cases
the model predicts that an electoral law of political reservation will influence policies. The
paper takes advantage of the existence of such a law in India to test this prediction
empirically. The principal finding is that minority representation has increased transfers to
minorities. This suggests that political representation is central to the design of strategies that
aim at promoting minority interests. More generally, the results indicate that legislator
identity influences policies, and provide some support for the contention that politicians
cannot fully commit to policies.
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Plqrulw| Uhsuhvhqwdwlrq dqg Srolf|
Fkrlfhv= Wkh Vljqlfdqfh ri Ohjlvodwru
Lghqwlw|
Urklql Sdqgh4
Ghsduwphqw ri Hfrqrplfv
Orqgrq Vfkrro ri Hfrqrplfv
Krxjkwrq Vwuhhw
Orqgrq ZF5D 5DH
Wklv Gudiw= Mxqh 4<<<
4Wklv sdshu lv edvhg rq Fkdswhu 5 ri p| SkG wkhvlv dw OVH1 L dp judwhixo wr p| dgylvru
Wlp Ehvoh| iru khos/ dgylfh dqg/ deryh doo/ hqwkxvldvp iru wkh vxemhfw1 Wkdqnv dovr wr
Vxvdq Dwkh|/ Deklmlw Edqhumhh/ Urelq Exujhvv/ Phjkqdg Ghvdl/ Pdlwuhhvk Jkdwdn/ Pduf
Khqu|/ Plfkdho Nuhphu/ Grplqlf Ohjjhww/ Vwhyh Qlfnhoo/ Khqu| Ryhupdq/ Wruvwhq Shuvvrq/
Nhq Vkhsvoh dqg qxphurxv vhplqdu sduwlflsdqwv iru frpphqwv1 L wkdqn wkh OVH/ Ryhuvhdv
Uhvhdufk Vwxghqwv Dzdug/ Ur|do Hfrqrplf Vrflhw|/ VWLFHUG dqg wkh Zlqjdwh Irxqgdwlrq
iru qdqfldo vxssruw1 Doo huuruv uhpdlq plqh1 h0pdlo= U1SdqghCovh1df1xn
Devwudfw
Glvdgydqwdjhg jurxsv whqg dovr wr frqvwlwxwh srsxodwlrq plqrulwlhv1 Rqh frqvhtxhqfh
ri wklv lv wkdw wkh srolflhv lpsohphqwhg e| hohfwrudoo| dffrxqwdeoh jryhuqphqwv riwhq
idlo wr uh hfw plqrulw| lqwhuhvwv1 D srolf| vroxwlrq lv wr hqkdqfh wkh srolwlfdo srzhu ri
plqrulw| jurxsv dv d yhklfoh iru surprwlqj wkhlu srolf| lqwhuhvwv1 Wklv sdshu dqdo|}hv
wkh vxffhvv ri dq hohfwrudo odz/ zklfk grhv vr e| uhvhuylqj vhdwv iru plqrulw| jurxsv lq
ohjlvodwxuhv/ lq surprwlqj plqrulw| lqwhuhvwv1 Wkh sdshu ghyhorsv d wkhruhwlfdo prgho
ri wkh srolwlfdo surfhvv wr dqdo|}h wkh srolf| lpsdfw ri vxfk d odz1 Wkh nh| wkhr0
uhwlfdo dvvxpswlrq/ wkdw fdqglgdwhv fdqqrw frpplw wr srolflhv/ lpsolhv wkdw lghqwlw|
lv uhohydqw wr srolf| fkrlfhv1 Wkh dqdo|vlv lghqwlhv hfrqrplf uhdvrqv zk| wklv pd|
ohdg sduwlhv wr qhyhu hog plqrulw| fdqglgdwhv1 Lq vxfk fdvhv wkh prgho suhglfwv wkdw
dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq zloo lq xhqfh srolflhv1 Wkh sdshu wdnhv dg0
ydqwdjh ri wkh h{lvwhqfh ri vxfk d odz lq Lqgld wr whvw wklv suhglfwlrq hpslulfdoo|1 Wkh
sulqflsdo qglqj lv wkdw plqrulw| uhsuhvhqwdwlrq kdv lqfuhdvhg wudqvihuv wr plqrulwlhv1
Wklv vxjjhvwv wkdw srolwlfdo uhsuhvhqwdwlrq lv fhqwudo wr wkh ghvljq ri vwudwhjlhv wkdw
dlp dw surprwlqj plqrulw| lqwhuhvwv1 Pruh jhqhudoo|/ wkh uhvxowv lqglfdwh wkdw ohjlv0
odwru lghqwlw| lq xhqfhv srolflhv/ dqg surylgh vrph vxssruw iru wkh frqwhqwlrq wkdw
srolwlfldqv fdqqrw ixoo| frpplw wr srolflhv1
4 Lqwurgxfwlrq
Hfrqrplvwv kdyh lghqwlhg lpsruwdqw htxlw| dqg h!flhqf| uhdvrqv iru wdujhwlqj uh0
vrxufhv dw klvwrulfdoo| glvdgydqwdjhg jurxsv1 Krzhyhu/ dv wkhvh jurxsv riwhq frqvwl0
wxwh srsxodwlrq plqrulwlhv/ wkhuh lv qr jxdudqwhh wkdw hohfwrudoo| dffrxqwdeoh jryhuq0
phqwv zloo hqdfw vxfk wudqvihuv1 D srolf| vroxwlrq lv wr hqkdqfh wkh srolwlfdo srzhu
ri glvdgydqwdjhg jurxsv dv d yhklfoh iru surprwlqj wkhlu srolf| lqwhuhvwv1 Vxfk frq0
vlghudwlrqv kdyh ohg d qxpehu ri frxqwulhv wr sxw lq sodfh hohfwrudo odzv wkdw dlp
wr surylgh plqrulwlhv srolwlfdo srzhu wkurxjk lqfuhdvhg srolwlfdo uhsuhvhqwdwlrq1 Wklv
sdshu wdnhv dgydqwdjh ri dq xqltxh h{shulphqw ri wklv irup lq Lqgld wr h{dplqh
wkh uroh ri dq hohfwrudo odz wkdw lq xhqfhv ohjlvodwru lghqwlw| lq surprwlqj plqrulw|
lqwhuhvwv1
Zklovw d vxevwdqwldo srolwlfdo vflhqfh olwhudwxuh dqdo|}hv wkh uroh ri srolwlfdo uhsuh0
vhqwdwlrq dv d srolf| uhvsrqvh4 / wkhuh lv yhu| olwwoh lq wkh hfrqrplfv olwhudwxuh rq wklv
wrslf1 \hw wkh lvvxhv frqfhuqhg duh ri fhqwudo lpsruwdqfh wr hfrqrplvwv lqwhuhvwhg lq
srolf| dqdo|vlv1 Uhfhqw uhvhdufk lq srolwlfdo hfrqrp| kdv lghqwlhg vljqlfdqw uhd0
vrqv zk| srolwlfdo pdunhwv pd| idlo wr gholyhu ghvludeoh srolf| rxwfrphv rqh vxfk
uhdvrq ehlqj wkh irup ri srolwlfdo lqvwlwxwlrqv +Ehvoh| dqg Frdwh 4<<</ dqg Shuvvrq
dqg Wdehoolql 4<<;,1 Vxfk uhvhdufk vxjjhvwv wkdw dq xqghuvwdqglqj ri wkh uhodwlrqvkls
ehwzhhq d frxqwu|*v fkrlfh ri srolwlfdo lqvwlwxwlrqv dqg revhuyhg srolf| rxwfrphv lv
nh| wr wkh ghvljq ri hhfwlyh sxeolf srolflhv1
Wklv lv sduwlfxoduo| wuxh lq wkh fdvh ri ghyhorslqj frxqwulhv1 Srvw frorqldolvp/
d pdmrulw| ri wkhvh frxqwulhv dgrswhg qhz frqvwlwxwlrqv1 Riwhq wkhvh frqvwlwxwlrqv
pdunhg d vkdus fkdqjh iurp wkh wudglwlrqdo irupv ri jryhuqdqfh lq wkhvh frxqwulhv
+Krurzlw} 4<<8,1 Vlqfh wkhq/ wkhvh frxqwulhv kdyh h{klelwhg vkdus yduldwlrqv lq erwk
srolf| fkrlfhv dqg vxevhtxhqw hfrqrplf shuirupdqfh1 D qxpehu ri dxwkruv kdyh
dwwulexwhg wklv wr wkh ydu|lqj vxffhvv ri wkh frxqwulhv* srolwlfdo lqvwlwxwlrqv lq dj0
juhjdwlqj pxowlsoh/ dqg riwhq frq lfwlqj srolf| lqwhuhvwv +Hdvwhuo| dqg Ohylqh 4<<:,1
Krzhyhu/ qr v|vwhpdwlf hfrqrplf dqdo|vhv ri wklv skhqrphqrq h{lvwv1
Wklv sdshu xqghuwdnhv vxfk dq dqdo|vlv lq wkh frqwh{w ri d surplqhqw ghyhors0
lqj frxqwu| Lqgld/ dqg d vshflf srolwlfdo lqvwlwxwlrq hohfwrudo odzv iru srolwlfdo
uhsuhvhqwdwlrq1 Lw h{dplqhv krz d frxqwu|*v fkrlfh ri hohfwrudo odzv/ e| dhfwlqj wkh
h{whqw ri uhsuhvhqwdwlrq drughg wr plqrulwlhv/ lq xhqfhv srolf| rxwfrphv1
Lq jhqhudo/ hohfwrudo odzv iru srolwlfdo uhsuhvhqwdwlrq zrun hlwkhu e| dowhulqj yrwhu
frpsrvlwlrq +jhuu|pdqghulqj lq wkh XV,/ ru e| gluhfwo| dhfwlqj ohjlvodwru lghqwlw|
+srolwlfdo uhvhuydwlrq lq Lqgld,1 Wklv sdshu irfxvhv rq wkh odwwhu vhw ri odzv1 D odujh
srolwlfdo vflhqfh olwhudwxuh grfxphqwv wkh idfw wkdw prvw hohfwrudo odzv iru plqrulw|
uhsuhvhqwdwlrq kdyh ehhq vxffhvvixo lq lqfuhdvlqj plqrulw| suhvhqfh lq ohjlvodwxuhv
+Juripdq dqg Olmskduw 4<<7,1 Krzhyhu/ pxfk ohvv lv nqrzq derxw wkh uhodwlrqvkls
ehwzhhq lqfuhdvhg plqrulw| uhsuhvhqwdwlrq dqg srolf| rxwfrphv1 Dqdo|}lqj wkh sro0
4Wkh srolwlfdo vflhqfh olwhudwxuh glvwlqjxlvkhv ehwzhhq ghvfulswlyh uhsuhvhqwdwlrq zklfk uhodwhv wr
krz zhoo wkh hohfwrudo v|vwhp uh hfwv wkh hohfwrudwh*v ghprjudsklf fkdudfwhulvwlfv dqg vxevwdqwlyh
uhsuhvhqwdwlrq zklfk lghqwlhv krz zhoo lw uh hfwv wkhlu srolf| lqwhuhvwv +Slwnlq 4<9:/ Jxlqhu 4<<7,1
Wklv fkdswhu irfxvhv rq wkh uroh ri hohfwrudo odzv lq lq xhqflqj srolflhv l1h1 lq surylglqj vxevwdqwlyh
uhsuhvhqwdwlrq1 Uhodwhg srolwlfdo vflhqfh sdshuv lqfoxgh Fdphurq/ Hsvwhlq dqg R*Kdoorudq +4<<9,
dqg Jhuehu/ Pruwrq dqg Uhlw} +4<<;,1
4
lf| lq xhqfh ri hohfwrudo odzv wkdw gluhfwo| dowhu ohjlvodwru lghqwlw| surylghv d fohdu
h{dplqdwlrq ri wklv uhodwlrqvkls1 Ixuwkhu/ wkh h{lvwhqfh ri vxfk dq hohfwrudo odz lq
Lqgld pdnhv lw lv srvvleoh wr h{dplqh wkh txdqwlwdwlyh lpsruwdqfh ri wklv uhodwlrqvkls1
Rqh lpsruwdqw uhdvrq zk| hohfwrudo odzv wkdw rqo| lq xhqfh ohjlvodwru lghqwlw|
pd| qrw lq xhqfh srolflhv lv wkh srvvlelolw| ri h{ dqwh srolf| frpplwphqw e| srolwl0
fldqv1 D qxpehu ri srolwlfdo hfrqrp| sdshuv dujxh wkdw li srolwlfldqv fdq frpplw wr
srolflhv gxulqj wkh hohfwlrq fdpsdljq wkhq hohfwrudo lqfhqwlyhv zloo fdxvh fdqglgdwhv wr
frpplw wr srolf| yhfwru suhihuuhg e| d pdmrulw| ri yrwhuv5 +d fodvvlf vwdwhphqw ri wklv
sursrvlwlrq lv wkh phgldq yrwhu wkhruhp 6,1 Dv srolf| rxwfrphv lq wkhvh prghov duh
ixoo| ghwhuplqhg e| wkh hohfwrudwh*v ghprjudsklf frpsrvlwlrq wkhvh prghov suhglfw
wkdw dq| hohfwrudo odz zklfk ohdyhv wkh ghprjudsklf frpsrvlwlrq ri wkh hohfwrudwh
xqdhfwhg zloo qrw dowhu srolf| rxwfrphv71
Krzhyhu/ lq pdq| vlwxdwlrqv ixoo srolf| frpplwphqw rq wkh sduw ri srolwlfldqv lv
qrw ihdvleoh1 Uhdvrqv iru wklv lqfoxgh srolwlfldqv dqg yrwhuv lqdelolw| wr zulwh grzq
d ixoo vhw ri vwdwh frqwlqjhqw srolf| frqwudfwv sulru wr hohfwlrq/ dqg2ru wkh odfn ri
lqvwlwxwlrqv wkdw fdq hqirufh fdpsdljq surplvhv1 D qxpehu ri uhfhqw sdshuv vkrz
wkdw lq vxfk fdvhv srolf| fkrlfhv duh vhqvlwlyh wr ohjlvodwru srolf| suhihuhqfhv 0 rq wklv/
vhh Dohvlqd +4<;;,/ Rveruqh dqg Volylqvnl +4<<9, dqg Ehvoh| dqg Frdwh +4<<:d,1 Lq vr
idu dv d ohjlvodwru*v hwkqlf lghqwlw| lv lqirupdwlyh ri khu srolf| suhihuhqfhv wkhvh prghov
suhglfw wkdw dq hohfwrudo odz zklfk lqfuhdvhv plqrulw| uhsuhvhqwdwlrq lq ohjlvodwxuhv
zloo dhfw srolf| rxwfrphv
Wklv sdshu ghyhorsv d wkhruhwlfdo prgho ri wkh srolwlfdo surfhvv wr suhflvho| lghq0
wli| wklv fkdqqho ri lq xhqfh1 Wkh prgho dvvxphv wkdw flwl}hqv kdyh erwk dq lqfrph
dqg dq hwkqlf lghqwlw|1 Sduwlhv frpshwh lq wkh srolwlfdo surfhvv e| hoglqj fdqgl0
gdwhv1 Wkh hohfwhg ohjlvodwruv vhohfw wkh ohyhov ri lqfrph wudqvihuv zklfk pd| wdujhw
flwl}hqv rq wkh edvlv ri wkhlu lqfrph dqg +ru, hwkqlf lghqwlw|1 Wkh prgho lv xvhg wr
lghqwli| wkh uhodwlrqvkls ehwzhhq d frxqwu|*v fkrlfh ri srolwlfdo lqvwlwxwlrqv dqg wkh
h{whqw ri srolf| uhsuhvhqwdwlrq drughg wr d plqrulw|18 Wkh prgho suhglfwv wkdw lq
vlwxdwlrqv ri plqrulw| xqghu0uhsuhvhqwdwlrq wkh lqwurgxfwlrq ri dq hohfwrudo odz ri
srolwlfdo uhvhuydwlrq zloo dowhu erwk ohjlvodwru lghqwlw| dqg srolf| rxwfrphv1 Ixuwkhu/
wklv srolf| lq xhqfh zloo pdlqo| wdnh wkh irup ri lqfuhdvhg wdujhwhg wudqvihuv1
Wkhvh wkhruhwlfdo suhglfwlrqv uho| khdylo| rq wkh dvvxpswlrq wkdw srolwlfldqv fdq0
qrw frpplw wr srolflhv1 Wkhuhiruh/ wr glvfulplqdwh ehwzhhq wkh suhglfwlrqv ri frpshw0
lqj srolwlfdo hfrqrp| prghov L ghylvh dq hpslulfdo whvw wr h{dplqh zkhwkhu ohjlvodwru
lghqwlw| lq xhqfhv srolf| rxwfrphv1 Wkh whvw lv edvhg rq d vwdwh ohyho sdqho gdwd
5Irupdoo|/ wkh fdqglgdwhv zloo frpplw wr wkh wkh srolf| yhfwru wkdw ehdwv doo rwkhuv srolflhv lq
sdluzlvh frpshwlwlrq/ dqg wkhuhiruh frqvwlwxwhv d Frqgrufhw zlqqhu1
6Wkh phgldq yrwhu wkhruhp lv dwwulexwhg wr Krwhoolqj +4<5<, dqg Grzqv +4<8:,1 Wkhvh dxwkruv
frqvlghuhg d vlqjoh glphqvlrqdo hqylurqphqw dqg vkrzhg wkdw wkh phgldq yrwhu*v suhihuuhg srolf|
frqvwlwxwhv d Frqgrufhw zlqqhu1 Wkhuh dovr h{lvw h{dpsohv ri pxowlglphqvlrqdo srolwlfdo hfrqrp|
prghov wkdw dvvxph srolf| frpplwphqw1 Wkhvh lqfoxgh prvw suredelolvwlf yrwlqj prghov h1j1 Olqg0
ehfn dqg Zhlexoo +4<;:,> Gl{lw dqg Orqghjudq +4<<8,1
7Wr eh suhflvh/ vxfk dq hohfwrudo odz zloo qrw dhfw wkh h{lvwhqfh ri wkh srolwlfdo htxloleulxp1
8Lq sduwlfxodu/ zh vkrz wkdw wkh frpelqdwlrq ri d odfn ri srolwlfdo lqvwlwlwxwlrqv zklfk pd|
hqvxuh srolf| frpplwphqw dqg wkh h{lvwhqfh ri soxudolw| uxoh edvhg pdmrulwduldq hohfwrudo v|vwhpv
lpso| wkdw ohjlvodwru hwkqlf lghqwlw| dhfwv srolf| rxwfrphv1 Wklv/ lq wxuq/ pd| ohdg wr plqrulw|
xqghu0uhsuhvhqwdwlrq1
5
vhw iru vl{whhq pdmru Lqgldq vwdwhv iurp 4<8;0<51 Lqgld lv d uhohydqw dqg lqwhuhvwlqj
jurxqg iru whvwlqj wkh wkhru| dv lw lv dprqjvw wkh prvw hwkqlfdoo| glyhuvh vrflhwlhv
lq wkh zruog1 Ri htxdo/ li qrw pruh lpsruwdqfh/ lv wkh idfw wkdw lw lv dovr krph wr
d xqltxh h{shulphqw lq hohfwrudo hqjlqhhulqj1 Wkh Lqgldq frqvwlwxwlrq surylghv iru
srolwlfdo uhsuhvhqwdwlrq ri plqrulwlhv yld srolwlfdo uhvhuydwlrq1 Wkdw lv/ sulru wr hyhu|
hohfwlrq d fhuwdlq qxpehu ri mxulvglfwlrqv duh ghfoduhg dv uhvhuyhg1 Rqo| phpehuv ri
wkh plqrulw| jurxs vr wdujhwhg fdq vwdqg iru hohfwlrq lq uhvhuyhg mxulvglfwlrqv1 Wkh
frpsrvlwlrq ri wkh hohfwrudwh lq wkhvh mxulvglfwlrqv lv/ krzhyhu/ ohiw xqdowhuhg +4<83
Lqgldq frqvwlwxwlrq,1
Wkh Lqgldq frqvwlwxwlrq vshflhv wkdw wkh h{whqw ri uhvhuydwlrq lq sodfh iru d pl0
qrulw| vkrxog uh hfw lw*v srsxodwlrq vkduh1 Wkhuhiruh/ furvv vwdwh dqg wlph yduldwlrq
lq d plqrulw|*v srsxodwlrq vkduh duh dvvrfldwhg zlwk yduldwlrqv lq wkh h{whqw ri sr0
olwlfdo uhvhuydwlrq lw lv drughg1 Wlph odjv lq vxfk srsxodwlrq edvhg uhdgmxvwphqw
lpsolhv wkdw lw lv srvvleoh wr hpslulfdoo| glvwlqjxlvk ehwzhhq wkh srolf| lq xhqfh ri
ghprjudsklf dqg plqrulw| uhsuhvhqwdwlrq yduldeohv1 Wklv irupv wkh edvlv ri wkh hp0
slulfdo lghqwlfdwlrq vwudwhj|1 Xvlqj yduldwlrq lq plqrulw| uhsuhvhqwdwlrq lqgxfhg e|
srsxodwlrq fkdqjhv wr phdvxuh fkdqjhv lq ohjlvodwru lghqwlw| dovr doorzv xv wr ghdo
zlwk hqgrjhqhlw| frqfhuqv1 Vshflfdoo|/ vlqfh wkh h{whqw ri uhvhuydwlrq drughg wr d
plqrulw| jurxs lv lqghshqghqw ri wkh ixqfwlrqlqj ri wkh srolwlfdo surfhvv/ wkh h{whqw
ri plqrulw| uhsuhvhqwdwlrq lq dq Lqgldq vwdwh fdq eh frqvlghuhg h{rjhqrxv wr wkh
srolf|0pdnlqj surfhvv1
Wkh sdshu*v sulqflsdo hpslulfdo qglqj lv wkdw lpsuryhg plqrulw| uhsuhvhqwdwlrq
kdv lqfuhdvhg wkh ohyhov ri wdujhwhg wudqvihuv jrlqj wr plqrulwlhv1 Wklv qglqj surylghv
vxevwdqwldo hpslulfdo fuhghqfh wr wkh lghd wkdw srolwlfdo uhsuhvhqwdwlrq lv fhqwudo wr
wkh ghvljq ri srolflhv wkdw dlp dw surprwlqj plqrulw| lqwhuhvwv1 Pruh jhqhudoo|/ wkh
uhvxowv lqglfdwh wkdw ohjlvodwru lghqwlw| lq xhqfhv srolflhv/ dqg surylgh vrph vxssruw
wr wkh frqwhqwlrq wkdw srolwlfldqv fdqqrw ixoo| frpplw wr srolflhv1
Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 glvfxvvhv wkh
uhodwhg olwhudwxuh1 Vhfwlrq 6 ghyhorsv d wkhruhwlfdo prgho wr dqdo|}h wkh fdxvhv ri
plqrulw| xqghu0uhsuhvhqwdwlrq dqg wkh vxevhtxhqw lq xhqfh ri dq hohfwrudo odz ri
srolwlfdo uhvhuydwlrq rq srolf| rxwfrphv1 Vhfwlrq 7 ghvfulehv wkh lqvwlwxwlrqdo ghwdlov
ri srolwlfdo uhvhuydwlrq lq Lqgld1 Vhfwlrq 8 xvhv d sdqho gdwd vhw iru 49 Lqgldq vwdwhv wr
hpslulfdoo| whvw wkh uhodwlrqvkls ehwzhhq ohjlvodwru jurxs lghqwlw| dqg srolf| fkrlfhv1
Vhfwlrq 9 glvfxvvhv wkh uhvxowv dqg frqfoxghv1 Doo surriv duh lq wkh dsshqgl{1
5 Uhodwhg Olwhudwxuh
Wklv vhfwlrq glvfxvvhv wkh h{lvwlqj wkhruhwlfdo dqg hpslulfdo olwhudwxuh zklfk lv uhodwhg
wr wkh zrun uhsruwhg lq wklv sdshu1
Wkh wkhruhwlfdo iudphzrun ghyhorshg lq wklv sdshu lv edvhg rq wkh flwl}hq fdqgl0
gdwh prgho ri srolwlfdo hfrqrp| +Rveruqh dqg Volylqvnl 4<<9 dqg Ehvoh| dqg Frdwh
4<<:d,1 Wkh pdlq dvvxpswlrqv xqghuo|lqj vxfk d prgho ri wkh srolwlfdo surfhvv duh
wkdw fdqglgdwhv iru hohfwlrqv duh phpehuv ri wkh srolw|/ dqg wkdw wkhvh fdqglgdwhv fdq0
qrw frpplw wr srolflhv gxulqj wkh fdpsdljq vwdjh1 Wrjhwkhu/ wkhvh dvvxpswlrqv lpso|
wkdw fdqglgdwh lghqwlw| lq xhqfhv srolf| rxwfrphv1 Wklv sdshu h{whqgv wkh dpelw ri
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vxfk uhvhdufk e| dqdo|vlqj erwk krz d frxqwu|*v fkrlfh ri srolwlfdo lqvwlwxwlrqv pd|
dhfw wkh fkrlfh ri flwl}hq fdqglgdwhv/ dqg wkh uhodwlyh lpsruwdqfh ri lqfrph dqg hwk0
qlf edvhg yrwhu frdolwlrqv lq ghwhuplqlqj srolwlfdo rxwfrphv1 Wkh odwwhu lvvxh kdv dovr
ehhq wkh irfxv ri vrph srolwlfdo hfrqrp| sdshuv zklfk frqvlghu pxowl0glphqvlrqdo
srolf|0pdnlqj Ehvoh| dqg Frdwh 4<<;f> Gl{lw dqg Orqghjudq 4<<81
Wklv sdshu dovr xqghuwdnhv dq hpslulfdo dqdo|vlv ri wkh prgho*v pdlq wkhruhwlfdo
suhglfwlrqv1 Wkh hpslulfdo dqdo|vlv h{dplqhv wkh uroh ri dq hohfwrudo odz ri srolwlfdo
uhvhuydwlrq lq surylglqj plqrulwlhv zlwk srolf| uhsuhvhqwdwlrq dfurvv Lqgldq vwdwhv1
Wkh lghqwlfdwlrq vwudwhj| xvhg vhhnv wr h{sorlw h{rjhqrxv yduldwlrq lq dq hfrqrp0
lfdoo| uhohydqw yduldeoh +ohjlvodwru lghqwlw|, lqgxfhg e| wkh ixqfwlrqlqj ri d srolwlfdo
lqvwlwxwlrq +wkh hohfwrudo odz ri srolwlfdo uhvhuydwlrq,1 Wklv hfrqrphwulf vwudwhj| lv
vlplodu wr wkdw dgrswhg lq sdshuv zklfk h{sorlw yduldwlrq lq wkh ixqfwlrqlqj ri srolwlfdo
lqvwlwxwlrqv dfurvv XV vwdwhv wr dqdo|}h txhvwlrqv ri hfrqrplf lqwhuhvw91 Ehvoh| dqg
Fdvh +4<<8, xwlol}h yduldwlrq lq zkhq jxehuqdwruldo whup olplwv elqg wr lghqwli| wkh
uhodwlyh zhljkw yrwhu dqg vwdwh jryhuqruv* suhihuhqfhv uhfhlyh lq srolf|0pdnlqj/ dqg
Ohylww +4<<:, xvhv hohfwrudo f|fohv lq srolfh klulqj wr hvwlpdwh wkh hhfw ri srolflqj
rq fulph1
Wr gdwh/ hpslulfdo sxeolf hfrqrplfv uhvhdufk rq wkh ghwhuplqdqwv ri sxeolf srol0
flhv kdv odujho| irfxvhg rq wkh uhodwlrqvkls ehwzhhq wkh ghprjudsklf frpsrvlwlrq
ri srolwlfdo mxulvglfwlrqv dqg wkh nlqg ri wudqvihuv surylghg e| jryhuqphqwv1 H{dp0
sohv lqfoxgh Dohvlqd/ Edtlu dqg Hdvwhuo| +4<<:,/ Fxwohu/ Hophqgruihu dqg ]hfnkdxvhu
+4<<6, dqg Srwhued +4<<:,1 Wklv sdshu h{whqgv vxfk uhvhdufk e| h{dplqlqj krz
fkdqjhv lq ohjlvodwru lghqwlw| lq xhqfh wkh wudqvihuv fkrvhq lq vlwxdwlrqv zkhuh wkh
ghprjudsklf frpsrvlwlrq ri mxulvglfwlrqv lv xqfkdqjhg1
Wklv dqdo|vlv ri wkh uhodwlrqvkls ehwzhhq ohjlvodwru lghqwlw| dqg srolf| fkrlfhv dovr
uhodwhv wr wkh odujh hpslulfdo olwhudwxuh wkdw whvwv iru wkh uhohydqfh ri wkh phgldq yrwhu
wkhruhp lq wkh XV1 D vxppdu| ri wklv olwhudwxuh lv surylghg lq Srroh dqg Urvhqwkdo
+4<<:,1 Prvw ri wkhvh vwxglhv qg yhu| zhdn ru qr vxssruw iru wkh phgldq yrwhu prgho1
Lqvwhdg sdshuv vxfk dv Ndow dqg ]xsdq +4<;8, dqg Ohylww +4<<9, vkrz wkdw ohjlvodwru*v
rzq srolf| suhihuhqfhv +ru lghrorj|, duh d sulpdu| ghwhuplqdqw ri uroo fdoo yrwlqj
ehkdylru lq XV ohjlvodwxuhv1: Wklv qglqj vxssruwv wkh sdshu*v wkhruhwlfdo suhglfwlrq
wkdw lq wkh devhqfh ri srolwlfdo lqvwlwxwlrqv zklfk hqvxuh srolf| frpplwphqw revhuyhg
srolf| rxwfrphv zloo ydu| zlwk fkdqjhv lq ohjlvodwruv hwkqlf +ru qrq lqfrph, lghqwlw|1;
9Wkh dssurdfk pd| eh frqwudvwhg zlwk sdshuv wkdw lqvwhdg xwlol}h lqirupdwlrq rq yduldwlrqv lq0
gxfhg e| fkdqjhv lq wkh srolwlfdo lqvwlwxwlrq1 Iru h{dpsoh Kxvwhg dqg Nhqq| +4<<:, xvh lqirupdwlrq
rq fkdqjhv lq wkh uhvwulfwlrqv rq wkh yrwlqj iudqfklvh wr dqdo|}h wkh uhodwlrqvkls ehwzhhq phgldq
yrwhu*v lghqwlw| dqg wkh srolf| fkrlfhv1
:P| dqdo|vlv fdq eh lqwhusuhwhg dv h{dplqlqj wkh uhodwlrqvkls ehwzhhq d ohjlvodwru*v lghqwlw|
dqg wkh lghrorj| vkh hvsrxvhv1 Lq d vlplodu yhlq Ehvoh| dqg Fdvh +4<<:e, h{dplqh wkh uhodwlrqvkls
ehwzhhq lqfuhdvhg ihpdoh sduwlflsdwlrq lq X1V1 vwdwh ohjlvodwxuhv dqg vwdwh ohyho srolf| pdnlqj1 Wkh|
qg urexvw hylghqfh lq vxssruw ri wkh wkhvlv wkdw wkh jhqghu lghqwlw| ri ohjlvodwruv lq xhqfhv srolf|
rxwfrphv1
;D vlplodu dujxphqw kdv ehhq sxw iruzdug lq sdshuv zklfk h{dplqh wkh uhodwlrqvkls ehwzhhq
wkh jhqghu lghqwlw| ri wudqvihu +fdvk2fuhglw, uhflslhqwv dqg hfrqrplf rxwfrphv +Slww dqg Nkdqgnhu
4<<;> Gx r 4<<<,1 Wkhvh sdshuv qg wkdw wudqvihu uhflslhqwv jhqghu lghqwlw| kdv d vljqlfdqw hhfw
rq vxevhtxhqw h{shqglwxuh sdwwhuqv1
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6 Wkhru|
Wklv vhfwlrq dqdo|}hv wkh ghwhuplqdqwv ri plqrulw| xqghu0uhsuhvhqwdwlrq lq d uhsuhvhq0
wdwlyh ghprfudf|/ dqg wkh uroh ri dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq lq dhfwlqj
vxfk uhsuhvhqwdwlrq1 Wr gr vr lw ghyhorsv d prgho lq zklfk fdqglgdwhv fdqqrw frpplw
wr srolf| dqqrxqfhphqwv1 Khqfh sduwlhv dqg yrwhuv lq xhqfh srolflhv rqo| e| wkhlu
fkrlfh ri fdqglgdwhv dqg ohjlvodwruv uhvshfwlyho|1
614 Hfrqrplf Hqylurqphqw
Frqvlghu dq hfrqrp| srsxodwhg e| flwl}hqv zkr glhu dorqj wzr glphqvlrqv1 Iluvw/
flwl}hqv glhu lq wkh lqfrph wkh| hduq1 D flwl}hq lv hlwkhu ulfk ru srru/ zlwk khu
lqfrph lghqwlw| ghqrwhg dv  5 U ’ ioc Rj1 Iru qrwdwlrqdo vlpsolflw| L dvvxph wkdw d
flwl}hq*v lqfrph lghqwlw| lv shuihfwo| lqirupdwlyh ri khu wrwdo lqfrph E+ Wkdw lv/ ulfk
flwl}hqv hduq +o ’ o +dqg v|pphwulfdoo| +R ’ R/ zkhuh +o : +R +l1h1 o : R,1 Vhfrqg/
flwl}hqv glhu lq wkhlu vrfldo lghqwlw|1 D vrfldo qrup dvvljqv hyhu| flwl}hq dw eluwk wr
rqh ri wzr vrfldo jurxsv/ zklfk L whup fdvwhv1 Hyhu| flwl}hq lv eruq d kljk ru d orz
fdvwh/ zlwk khu fdvwh lghqwlw| ghqrwhg S 5  ’ ic ,j Phpehuvkls ri d vrfldo jurxs
grhv qrw kdyh dq| gluhfw hfrqrplf vljqlfdqfh<1
Lw iroorzv wkdw wkhuh duh irxu flwl}hq w|shv lq wklv hfrqrp|1 Wkh wrwdo qxpehu
ri w|sh +c S flwl}hqv* lv ghqrwhg S Ezlwk
S
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S
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dqg lqfrph  flwl}hqv dv 1 Flwl}hqv duh xqlirupo| glvwulexwhg dfurvv Q lghqwlfdo
mxulvglfwlrqv431 Wkh qxpehu ri w|sh +c S flwl}hqv lq dq| vlqjoh mxulvglfwlrq lv S 1
D flwl}hq*v lghqwlw| lv lqirupdwlyh ri khu srolf| suhihuhqfhv441 Wkh dydlodeoh srolf|
lqvwuxphqwv duh wkh +wulsoh, sdudphwhuv ri dq lqfrph edvhg uhglvwulexwlrq vfkhph1
Wkhvh duh +l, dq dqrq|prxv wd{ udwh | 5 dfc o dqg wkh ohyhov ri +ll, d qrq0wdujhwhg
wudqvihu A 5 ? dqg +lll, d wdujhwhg wudqvihu B, 5 ?c zklfk rqo| ehqhwv orz fdvwh
flwl}hqv451 Wkh dqdo|vlv uhvwulfwv dwwhqwlrq wr ihdvleoh wudqvihuv1 Wkdw lv EAc B, 5 ~/
zkhuh ~ lv wkh vhw ri wudqvihuv zklfk/ wrjhwkhu zlwk wkh dvvrfldwhg wd{ udwh |/ vdwlvhv
wkh exgjhw frqvwudlqw=
|
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<Wkh dqdo|vlv frqvlghuv uhglvwulexwlrq edvhg rq flwl}hq*v lqfrph dqg2ru hwkqlf lghqwlw|1 Khqfh/
wkh fruuhodwlrq ehwzhhq flwl}hqv hwkqlf dqg lqfrph lghqwlwlhv dhfwv srolf| fkrlfhv +rq wklv/ dovr vhh
Dnhuori 4<:;,1 Pruh jhqhudoo|/ wkh dqdo|vlv lv urexvw wr wkh lqwurgxfwlrq ri vrph dprxqw ri h{ dqwh
fruuhodwlrq ehwzhhq wkhvh wzr lghqwlwlhv1
43L glvfxvv wkh lpsolfdwlrqv ri lqwhu0mxulvglfwlrq khwhurjhqhlw| odwhu lq wkh sdshu1
44D flwl}hq*v fdvwh lghqwlw| dhfwv khu srolf| suhihuhqfhv ehfdxvh lw lv wkh edvlv iru wdujhwhg wudqv0
ihuv1 Dq dowhuqdwlyh dssurdfk zrxog eh wr dvvxph wkdw flwl}hq xwlolw| lv gluhfwo| hqkdqfhg e| kdylqj d
uhsuhvhqwdwlyh zkr vkduhv khu lghqwlw|1 Srvvleoh plfurirxqgdwlrqv iru wklv dvvxpswlrq lqfoxgh jurxs
dowuxlvp/ ru +dqg, wkh revhuydwlrq wkdw lq vlwxdwlrqv ri lqfrpsohwh srolf| frpplwphqw fdqglgdwh
lghqwlw| dssur{lpdwhv d irup ri frpplwphqw +vlqfh wkh suredelolw| wkdw vrphrqh zkr vkduhv rqh*v
fdvwh lghqwlw| zloo vkduh rqh*v srolf| suhihuhqfhv lv/ lq jhqhudo/ qrq }hur,1
45Lqfuhdvlqj wkh vhw ri srolf| lqvwuxphqwv vr dv wr doorz iru v|pphwulf wudqvihuv zklfk rqo| wdujhw
kljk fdvwhv ohdyh wkh txdolwdwlyh dvshfwv ri wkh dqdo|vlv xqdhfwhg1
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D w|sh +c S flwl}hq*v xwlolw| jlyhq wkh srolf| yhfwru +|c Ac B, lv=
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Wkhuhiruh/ khu suhihuuhg fkrlfh ri wudqvihuv zloo pd{lpl}h khu srvw uhglvwulexwlrq
lqfrph1 Wkh dfwxdo fkrlfh ri srolflhv duh/ krzhyhu/ ghwhuplqhg yld d srolwlfdo surfhvv
fkdudfwhul}hg e| hohfwrudo frpshwlwlrq ehwzhhq wzr sduwlhv/ odehoohg ulfk - dqg srru

Wklv sdshu prghov sduwlhv dv lqvwlwxwlrqv wkdw phgldwh ehwzhhq flwl}hqv dqg fdq0
glgdwhv lq wkh srolwlfdo surfhvv1 Wkh| gr vr e| hoglqj fdqglgdwhv iru hohfwlrq lq hyhu|
mxulvglfwlrq461 Sduwlhv vhohfw fdqglgdwhv iurp wkh vhw ri flwl}hqv1 Lpsruwdqwo|/ fdq0
glgdwhv fdqqrw frpplw wr srolflhv gxulqj hohfwlrq fdpsdljqv1 Wkhuhiruh/ dq hohfwhg
fdqglgdwh zloo dozd|v lpsohphqw wkh srolflhv zklfk pd{lpl}h khu xwlolw|1 D fdqgl0
gdwh*v srolf| suhihuhqfhv duh ghwhuplqhg e| khu fdvwh dqg lqfrph lghqwlw|1 Khqfh
fdqglgdwh lghqwlw| zloo pdwwhu lq wkh srolwlfdo surfhvv1 Vshflfdoo|/ d sduw| zloo dqwlf0
lsdwh wkh srolflhv dvvrfldwhg zlwk hyhu| fdqglgdwh dqg vhohfw wkdw fdqglgdwh vhw zklfk
pd{lpl}hv wkh sduw|*v h{shfwhg xwlolw|1
Lq prvw frxqwulhv pdmru srolwlfdo sduwlhv duh dvvrfldwhg zlwk lghrorjlfdo glhuhqfhv
rq vrph/ exw qrw doo/ srolf| lvvxhv +Fdloodxg dqg Wluroh 4<<;,147 Wkhuhiruh/ L doorz iru
sduwldo sduw| lghrorjlfdo glhuhqfhv e| srvwxodwlqj {hg lqfrph lghqwlwlhv iru sduwlhv148
Wkdw lv/ sduw|  uhsuhvhqwv wkh srru dqg sduw| - wkh ulfk1 Vlqfh sduwlhv dhfw
srolf| yld wkhlu vhohfwlrq ri fdqglgdwhv wklv wudqvodwhv lqwr dq dvvxpswlrq rq fdqglgdwh
vhohfwlrq1 Vshflfdoo|/ sduw|  rqo| hogv srru fdqglgdwhv/ dqg sduw| - ulfk1
Lq frqwudvw/ L wdnh sduw| fdvwh suhihuhqfhv +dqg wkhuhiruh sduw| fdqglgdwhv fdvwh
lghqwlw|, wr eh  h{leoh1 L dvvxph wkdw lq fkrrvlqj lwv fdqglgdwhv fdvwh lghqwlw| d
sduw|*v sulpdu| frqfhuq lv hohfwrudo1 Wkdw lv/ lw vhhnv wr pd{lpl}h wkh qxpehu ri
mxulvglfwlrqv +? lq zklfk lw zlqv491 Krzhyhu/ li wkh hohfwrudo rxwfrph lv lqyduldqw wr
wkh fdvwh lghqwlw| ri d sduw|*v fdqglgdwhv wkhq lw zloo hog kljk fdvwh fdqglgdwhv1 Wklv
odvw dvvxpswlrq fdswxuhv wkh riwhq glvfxvvhg idfw wkdw plqrulw| xqghu0uhsuhvhqwdwlrq
rq sduw| vhohfwlrq erdugv ohdgv wr dq h{ dqwh eldv lq sduw| vhohfwlrq surfhgxuhv djdlqvw
wkhvh jurxsv1 Ryhudoo/ wklv fkdudfwhul}dwlrq ri sduw| suhihuhqfhv lpsolhv wkdw d sduw|*v
fkrlfh yduldeoh lv wkh sursruwlrq ri mxulvglfwlrqv lq zklfk lw hogv orz fdvwh flwl}hqv1
Wklv yduldeoh lv ghqrwhg dv Zg 5   ifc  j zkhuh g 5 ic-j
Ilqdoo|/ L ghvfuleh wkh hohfwrudo dqg ohjlvodwlyh lqvwlwxwlrqv lq wklv hfrqrp|1 P|
prghoolqj ri wkhvh lqvwlwxwlrqv ghulyhv iurp wkh Lqgldq h{shulhqfh1 Lq Lqgld hohfwlrqv
duh fkdudfwhulvhg e| vlqjoh phpehu soxudolw| uxoh/ dqg wkh ohjlvodwxuh lv Sduoldphqwdu|1
D qxpehu ri uhfhqw srolwlfdo hfrqrp| sdshuv grfxphqw wkh idfw wkdw Sduoldphqwdu|
46D qxpehu ri dxwkruv kdyh dujxhg iru vxfk d fdqglgdwh fhqwuhg ylhz ri +sduw|, srolf|0pdnlqj1
Iru dq ryhuylhz vhh Dogulfk +4<<8,
47Lq jhqhudo/ wkhvh lghrorjlfdo glhuhqfhv whqg wr glhuhqwldwh sduwlhv dorqj wkh ohiw uljkw d{lv1
48Wkh dvvxpswlrq ri {hg lqfrph suhihuhqfhv fdswxuhv orqj whup sduw| lghrorjlfdo glhuhqfhv1 Iru
vlplodu dqdo|vhv/ vhh Jurvvpdq dqg Khospdq +4<<7, dqg Gl{lw dqg Orqghjudq +4<<8,1
49Wkh dqdo|vlv lv xqfkdqjhg li sduwlhv lqvwhdg vhhn wr pd{lpl}h wkhlu suredelolw| ri zlqqlqj d
pdmrulw| lq wkh ohjlvodwxuh1
9
v|vwhpv ri jryhuqdqfh duh xvxdoo| dvvrfldwhg zlwk pdmrulw| uxoh lq wkh ohjlvodwxuh dqg
yrwlqj dorqj sduw| olqhv +Glhuplhu dqg Ihgghuvhq 4<<9,14: Wkhvh wzr ihdwxuhv ri d
Sduoldphqwdu| ghprfudf| duh lqfrusrudwhg lq wkh dqdo|vlv1 Wkdw lv/ L dvvxph wkdw
ohjlvodwruv yrwh dorqj sduw| olqh/ dqg wkdw wkh wudqvihuv suhihuuhg e| wkh pdmrulw|
sduw| ohjlvodwruv duh vhohfwhg1
Dv d sduw|*v ohjlvodwruv vkduh wkh vdph lqfrph lghqwlw|/ lqwud0sduw| srolf| glhu0
hqfhv rqo| dulvh iurp glhuhqfhv lq ohjlvodwruv* fdvwh lghqwlwlhv1 Wkh qdo dvvxpswlrq
uhjduglqj wkh ixqfwlrqlqj ri srolwlfdo lqvwlwxwlrqv frqfhuqv lqwud0sduw| srolf|0pdnlqj1
Wkh dqdo|vlv dvvxphv wkdw sduw| srolflhv duh d frqyh{ frpelqdwlrq ri wkh suhihu0
hqfhv ri ohjlvodwruv ehorqjlqj wr wkh wzr fdvwh jurxsv1 Wkh zhljkw dwwdfkhg wr wkh
suhihuhqfhv ri ohjlvodwruv ri hdfk fdvwh htxdo lwv vkduh ri wkh wrwdo1 4;
Wkh dqdo|vlv h{dplqhv krz wkh srolwlfdo htxloleulxp lv dhfwhg e| wkh lqwurgxfwlrq
ri dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq1 Wkh lpsohphqwdwlrq ri vxfk d odz dhfwv
wkh ixqfwlrqlqj ri wkh srolwlfdo surfhvv e| uhvwulfwlqj sduwlhv* ihdvleoh fdqglgdwh vhw1
Vshflfdoo|/ lw irufhv sduwlhv wr hog orz fdvwhv lq +dw ohdvw, wkh sursruwlrq eZ ri
mxulvglfwlrqv wkdw duh ghfoduhg uhvhuyhg1
615 Srolf| Fkrlfhv
Wkh vhtxhqfh ri hyhqwv lq wkh hfrqrp| lv dv iroorzv wkh wzr sduwlhv vhohfw wkh
sursruwlrq ri mxulvglfwlrqv lq zklfk wr hog orz fdvwh fdqglgdwhv1 Wkhq/ flwl}hqv lq
hyhu| mxulvglfwlrq yrwh ryhu wkh sdlu ri fdqglgdwhv hoghg e| wkh sduwlhv1 Ilqdoo|/
hohfwhg uhsuhvhqwdwlyhv vhohfw srolflhv lq wkh ohjlvodwxuh1
Dv mxulvglfwlrqv duh lghqwlfdo L uhvwulfw dwwhqwlrq wr wkh fdvh ri lghqwlfdo hohfwrudo
rxwfrphv dfurvv mxulvglfwlrqv1 Wkhuhiruh d sduw| hlwkhu hqmr|v +h{shfwhg, hohfwrudo
vxffhvv lq doo mxulvglfwlrqv/ ru lq qrqh1 Rqh lpsolfdwlrq ri wklv lv wkdw wkh pdmrulw|
sduw|*v fdqglgdwh dqg ohjlvodwru vhwv frlqflgh1 Wklv revhuydwlrq vlpsolhv wkh dqdo|vlv1
Lw lpsolhv wkdw wkh qdo srolflhv dvvrfldwhg zlwk d sduw| duh frpsohwho| fkdudfwhul}hg
e| wzr sdudphwhuv= lwv +{hg, lqfrph lghqwlw| dqg wkh sursruwlrq ri mxulvglfwlrqv lq
zklfk lw hogv orz fdvwh fdqglgdwhv1 Wkh sdlu ri wudqvihuv dvvrfldwhg zlwk d sduw|
pd| eh ghqrwhg dv BgEZg ( +g dqg AgEZg ( +g zkhuh g 5 i-cj
Lq yrwlqj flwl}hqv vhhn wr pd{lpl}h wkhlu srvw uhglvwulexwlrq lqfrphv4<1 Pdmrulw|
uxoh lpsolhv wkdw flwl}hqv zloo frqglwlrq wkhlu yrwlqj vwudwhj| rq wkh qdo srolflhv dv0
vrfldwhg zlwk d sduw|/ udwkhu wkdq rq wkrvh dvvrfldwhg zlwk dq| vlqjoh fdqglgdwh1 D
flwl}hq*v rswlpdo vwudwhj| lv wr yrwh vlqfhuho| iru wkdw sduw|*v fdqglgdwh zkrvh qdo
4:Iru lqvwdqfh/ lq Lqgld wklv uxoh lv hqirufhg e| sduw| zklsv rq prvw lvvxhv yrwhg rq lq ohjlvodwxuhv1
Vwulfw shqdowlhv h{lvw iru wkrvh zkr gr qrw iroorz wkh zkls1
4;Lq d sduoldphqwdu| ghprfudf| wkh pdmrulw| sduw| qhhgv wr pdqwdlq wkh vxssruw ri lwv ohjlvodwruv1
Khqfh wklv dvvxpswlrq fdq eh mxvwlhg dv d vroxwlrq wr d edujdlqlqj jdph lq zklfk doo ohjlvodwruv
kdyh vrph edujdlqlqj srzhu1
4<D w|sh +u> k, flwl}hq idyruv qr uhglvwulexwlrq dqg d w|sh +s> k, flwl}hq qrq0wdujhwhg uhglvwulexwlrq=
D w|sh +u> o, flwl}hq idyruv wdujhwhg uhglvwulexwlrq rqo| li wkh jurxs ri srru orz fdvwhv lv vpdoo hqrxjk
+rq wklv/ vhh sursrvlwlrq 4,1 W|sh +s> o, flwl}hqv dozd|v idyru wdujhwhg uhglvwulexwlrq1
:
srolflhv pd{lpl}h khu sd|r153*54 Wkh surri lv vwudljkwiruzdug1 Li d yrwhu grhvq*w
dhfw wkh hohfwrudo rxwfrph/ wkhq vlqfhuh yrwlqj fdq eh pdlqwdlqhg dv dq htxloleulxp
rxwfrph1 Li vkh grhv/ wkhq vkh zloo zlvk wr yrwh vr dv wr vkliw wkh qdo srolf| rxw0
frph wrzdugv khu ghvluhg srolf|1 Lq wzr fdqglgdwh frpshwlwlrq prghov +zlwk zhdno|
grplqdwhg yrwlqj vwudwhjlhv uxohg rxw, wklv lpsolhv vlqfhuh yrwlqj1
L dvvxph wkdw lqglhuhqw yrwhuv devwdlq1 Li doo flwl}hqv devwdlq/ wkhq wkh suredelolw|
wkdw hlwkhu sduw| lv ghfoduhg wkh pdmrulw| sduw| lv d kdoi1
Lq wklv vhwxs/ sduw|  *v rswlpdo fkrlfh ri wkh sursruwlrq ri mxulvglfwlrqv lq zklfk
wr hog orz fdvwh fdqglgdwhv +Z vroyhv=
ZW ’ @h}4@ 
Z
?EZ
li ?Ef ’ ?EZ iru doo Z 5 dfc o wkhq ZWR ’ f
zkhuh ? lv wkh qxpehu ri mxulvglfwlrqv1 Sduw| -*v rswlpl}dwlrq sureohp lv vlploduo|
ghqhg1
L irfxv rq sxuh vwudwhj| htxloleuld ri wklv hqwu| jdph1 Zlwk wzr0glphqvlrqdo
srolf|0pdnlqj vxfk htxloleuld pd| qrw h{lvw/ li wkh orvlqj sduw| fdq dozd|v dhfw
wkh hohfwrudo rxwfrph e| fkdqjlqj Z& +l1h1/ qr srolf| yhfwru frqvwlwxwhv d Frqgrufhw
zlqqhu,1 Krzhyhu/ dv wkh vwudwhj| vsdfh lv qlwh d pl{hg vwudwhj| htxloleulxp ri wkh
hqwu| jdph zloo h{lvw551
D srolwlfdo htxloleulxp frqvlvwv ri d sdlu ri sduw| hqwu| ghflvlrqv ZE iZ c Z-j
dqg d yhfwru ri yrwlqj ghflvlrqv/ vxfk wkdw EZ c Z- lv dq htxloleulxp ri wkh hqwu|
jdph vxssruwhg e| vlqfhuh yrwlqj e| doo flwl}hq w|shv1 Ohw wkh suredelolw| wkdw sduw|
 lv wkh pdmrulw| sduw| eh ghqrwhg dv 4EZ1 Wkhq/ wkh suredelolw| wkdw wkh srolf|
rxwfrph56 lv ~A EZ  ( B
 EZ j lv 4EZ c Z dqg d w|sh +c S flwl}hq*v h{shfwhg xwlolw|
lv=
S EZ ’ 4 EZL

S EZ  n E 4 EZ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53Irupdoo|/ ohw d w|sh +l> f, flwl}hq*v yrwlqj ghflvlrq eh lf 5 iS>Uj ^i3j zlwk +=, @ ilo> lkjl5L
wkh dvvrfldwhg w|sh glvwulexwlrq ri yrwlqj ghflvlrqv1 Flwl}hqv yrwh vwudwhjlfdoo| +dqg qr flwl}hq xvhv
zhdno| grplqdwhg vwudwhjlhv, v1w1
lf @ dujpd{
lf
 +,XSlf +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 +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U,
54Lq jhqhudo vlqfhuh yrwlqj lv qrw rswlpdo li wkh hohfwhg ohjlvodwxuh srwhqwldoo| frqvlvwv ri ohjlvodwruv
iurp pxowlsoh sduwlhv +Dxvwhq0Vplwk 4<;<,1 Krzhyhu/ zlwk pdmrulw| uxoh wkhuh h{lvwv d rqh wr rqh
pdsslqj ehwzhhq wkh pdmrulw| sduw|*v lghqwlw| dqg srolf| rxwfrphv vxfk wkdw vlqfhuh yrwlqj lv
rswlpdo 1
55Wkh vhw ri srvvleoh pl{hg vwudwhjlhv lv wkh suredelolw| glvwulexwlrq ryhu 1 Ohw N+N> , eh
sduw| N*v vwudwhj|1 Dq hqwu| jdph htxloleulxp lv d sdlu ri pl{hg vwudwhjlhv +S > U, v1w1 hdfk
sduw| pd{lplvhv lwv h{shfwhg xwlolw|/ jlyhq wkh rwkhu sduw|*v hqwu| fkrlfh1 D sxuh vwudwhj| srolwlfdo
htxloleulxp h{lvwv li iru vrph +S > U,> S +S > , @ U+U> , @ 41
56Iru pl{hg vwudwhj| htxloleuld/ wkh suredelolw| wkdw wkh qdo srolf| sdlu lv ~WS +S ,> 
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, dqg wkdw lw lv ~WU+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Ohw wkh suredelolw| glvwulexwlrq ryhu srolflhv dvvrfldwhg zlwk vrph +S > U, eh !+S > U,= Wkhq d
w|sh +l> f, flwl}hq*v h{shfwhg xwlolw| dvvrfldwhg zlwk dq hqwu| vwdjh htxloleulxp +S +,> U+,, lv
xlf+!+S +,> U+,,,1
;
zkhuh LgS lv khu xwlolw| frqglwlrqdo rq sduw| g ehlqj wkh pdmrulw| sduw|1
Wkh dqdo|vlv h{dplqhv krz wkh lqwurgxfwlrq ri dq hohfwrudo odz ri srolwlfdo uhvhu0
ydwlrq dhfwv wkh srolwlfdo htxloleulxp1 Lpsrvlwlrq ri vxfk d odz uhvwulfwv d sduw|*v
ihdvleoh vhw ri Z Hdfk sduw| pxvw +dw ohdvw, hog orz fdvwh fdqglgdwhv lq wkh uhvhuyhg
mxulvglfwlrqv +wkdw lv ZW ’ @h}4@ Z  EZ v1w1 Z  eZ L ghqh d srolwlfdo htxlole0
ulxp dv qrq0qhxwudo li wkh srolf| rxwfrphv glhu ehiruh dqg diwhu wkh lqwurgxfwlrq
ri dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq1 Li srolf| rxwfrphv duh lqyduldqw wr wkh
lqwurgxfwlrq ri srolwlfdo uhvhuydwlrq/ wkhq wkh htxloleulxp lv qhxwudo1
616 Dqdo|}lqj Plqrulw| Uhsuhvhqwdwlrq
Wkh dqdo|vlv uvw lghqwlhv vrph uhdvrqv iru zk| sduwlhv pd| qrw hog orz fdvwh
fdqglgdwhv1 Lw/ wkhq/ h{dplqhv wkh srolf| hhfw ri wkh lqwurgxfwlrq ri dq hohfwrudo
odz ri srolwlfdo uhvhuydwlrq lq vxfk vlwxdwlrqv1 Wkh dqdo|vlv dvvxphv wkdw qr vlqjoh
flwl}hq w|sh frqvwlwxwhv d srsxodwlrq pdmrulw|/ exw wkdw wkh srru frqvwlwxwh d srsx0
odwlrq pdmrulw| ER : 21 Wkurxjkrxw/ wkh whupv corz fdvwh* dqg cplqrulw|* duh xvhg
lqwhufkdqjhdeo|1
Sursrvlwlrq 4 +Exgjhw Frqvwudlqw hhfw, Wkhuh h{lvwv d fulwlfdo qxpehu ri srru orz
fdvwh flwl}hqv eR,  oonRRo3R / vxfk wkdw doo ohjlvodwruv duh kljk fdvwh li R, : eR,1
Lq wklv fdvh rqo| qrq0wdujhwhg uhglvwulexwlrq rffxuv1
Wklv sursrvlwlrq vwdwhv wkdw/ li wkh qxpehu ri srru orz fdvwh flwl}hqv lv wrr odujh/
wkhq orz fdvwhv idlo wr rewdlq srolwlfdo uhsuhvhqwdwlrq1 Wkh uhdvrqlqj lv dv iroorzv1
Wkh idfw wkdw wkh vxp wrwdo ri wudqvihuv pxvw vdwlvi| d exgjhw frqvwudlqw lpsolhv wkdw
lqfuhdvhv lq wkh srru orz fdvwh srsxodwlrq vkduh ghfuhdvhv wkh pd{lpxp ihdvleoh shu0
khdg ohyho ri wdujhwhg wudqvihuv1 Zklovw wklv grhv qrw dhfw srru orz fdvwh flwl}hqv
suhihuhqfh iru wdujhwhg uhglvwulexwlrq/ lw dgyhuvho| lq xhqfhv ulfk orz fdvwhv suhihuhqfh
iru wdujhwhg uhglvwulexwlrq1 Li R, : eR, / wkhq ulfk orz fdvwhv idyru qr uhglvwulexwlrq
wr wdujhwhg uhglvwulexwlrq1
Wklv/ lq wxuq/ lpsolhv wkdw wkh zlqqlqj sduw| zloo rqo| hog kljk fdvwhv1 Wr vhh wklv
frqvlghu d srolwlfdo htxloleulxp lq zklfk erwk sduwlhv rqo| hog kljk fdvwh fdqglgdwhv1
Lq wklv fdvh qr sduw| lv dvvrfldwhg zlwk wdujhwhg uhglvwulexwlrq1 Krzhyhu/ sduwlhv* {hg
lqfrph lghqwlwlhv lpsolhv wkhlu suhihuuhg ohyhov ri qrq wdujhwhg uhglvwulexwlrq glhuv1
Khqfh flwl}hqv yrwh dorqj lqfrph olqhv/ dqg sduw|  zlqv1 Qrz frqvlghu wkh orvlqj
sduw|*v +sduw| - delolw| wr dhfw wklv htxloleulxp1 Dv orqj dv R, : eR, ulfk flwl}hqv/
luuhvshfwlyh ri wkhlu fdvwh/ idyru }hur uhglvwulexwlrq1 Frqvhtxhqwo| doo srwhqwldo sduw|
- fdqglgdwhv duh dvvrfldwhg zlwk qr uhglvwulexwlrq1 Khqfh wkh orvlqj sduw| 0 sduw| -
fdqqrw dhfw wkh ohyho ri uhglvwulexwlrq lw lv dvvrfldwhg zlwk/ dqg wkhuhiruh flwl}hqv*
rswlpdo yrwlqj ghflvlrqv e| lw*v fkrlfh ri Z Wkh htxloleulxp lq zklfk doo ohjlvodwruv
duh srru kljk fdvwh flwl}hqv lv vwdeoh1 Dv lw pd{lpl}hv sduw|  *v sd|r/ lw lv dovr wkh
xqltxh htxloleulxp1
Wkh pdlq lqvljkw drughg e| wklv sursrvlwlrq lv wkdw lqfuhdvhv lq wkh jurxs vl}h ri
+vrph, ehqhfldulhv ri wdujhwhg wudqvihuv zklfk ohdyh wkhp ohvv wkdq d pdmrulw| fdq
dgyhuvho| dhfw wkhlu srolf| lq xhqfh1 Lq wklv prgho/ wklv dovr lpsolhv wkdw plqrulwlhv
+srru orz fdvwhv, zloo idlo wr rewdlq srolwlfdo uhsuhvhqwdwlrq1
<
Fruroodu| wr Sursrvlwlrq 4= Wkh htxloleulxp lv qrq0qhxwudo1 Wkhuh h{lvwv d fulw0
lfdo ydoxh ri srolwlfdo uhvhuydwlrq hZ  oEo3R
RRnoo
1 Li eZ 	 hZc wkhq srolwlfdo uhvhuydwlrq
lqfuhdvhv wdujhwhg wudqvihuv1 Li eZ : hZ wkhq srolwlfdo uhvhuydwlrq dowhuv wkh zlqqlqj
sduw|*v lghqwlw| vxfk wkdw d qr uhglvwulexwlrq rxwfrph rewdlqv1
Zlwk srolwlfdo uhvhuydwlrq sduwlhv pxvw +dw ohdvw, hog orz fdvwh fdqglgdwhv lq uh0
vhuyhg mxulvglfwlrqv1 Wklv grhv qrw dhfw wkh srolflhv dvvrfldwhg zlwk sduw|- +vlqfh doo
ulfk flwl}hqv idyrxu qr uhglvwulexwlrq,1 Sduw|  / krzhyhu/ lv qrz dovr dvvrfldwhg zlwk
wdujhwhg uhglvwulexwlrq1 Wkh h{whqw ri wdujhwhg uhglvwulexwlrq lw fkrrvhv lv lqfuhdvlqj
lq wkh sursruwlrq ri orz fdvwh fdqglgdwhv lw hogv +l1h1 lq Z1
Wkhuhiruh/ ulfk flwl}hqv zloo frqwlqxh wr yrwh iru sduw| - Lqwhuhvwlqjo|/ srru kljk
fdvwh flwl}hqv pd| vzlwfk wr yrwlqj iru sduw| - li wkh sursruwlrq ri mxulvglfwlrqv
uhvhuyhg +dqg wkhuhiruh wkh wdujhwhg uhglvwulexwlrq dvvrfldwhg zlwk sduw|   lv wrr
kljk1 Wkdw lv/ srolwlfdo uhvhuydwlrq dhfwv wkh srolwlfdo htxloleulxp e| pdnlqj flwl}hqv*
fdvwh edvhg uhglvwulexwlyh suhihuhqfhv uhohydqw wr wkhlu rswlpdo yrwlqj ghflvlrq157 Wklv/
lq wxuq/ pd| dowhu erwk wkh hohfwrudo rxwfrph dqg wkh srolflhv fkrvhq1 Li eZ : hZ wkhq
wkh hqvxlqj htxloleulxp wkh srolflhv idyruhg e| wkh ulfk zloo eh xqghuwdnhq58 +l1h1
wkhuh zloo eh qr uhglvwulexwlrq,1
Li/ krzhyhu/ wkh sursruwlrq ri mxulvglfwlrqv uhvhuyhg uhpdlqv ehorz hZ wkhq flwl}hqv*
frqwlqxh wr yrwh dorqj fodvv olqhv dqg Sduw|  zlqv1 Wkh srolf| rxwfrphv/ krzhyhu/
glhu lq wkdw erwk wdujhwhg dqg qrq0wdujhwhg uhglvwulexwlrq lv xqghuwdnhq1 Lq erwk
fdvhv wkh zlqqlqj sduw| rqo| hogv orz fdvwh fdqglgdwhv lq wkrvh mxulvglfwlrqv zklfk
duh ghfoduhg uhvhuyhg1
L qrz h{dplqh zkhwkhu plqrulw| xqghu0uhsuhvhqwdwlrq pd| shuvlvw hyhq zkhq doo
orz fdvwhv idyru wdujhwhg uhglvwulexwlrq1 Wkhuhiruh dvvxpswlrq 4 krogv iru wkh uhvw ri
wkh dqdo|vlv1
Dvvxpswlrq 4=
R, 	
oo nRR
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Sursrvlwlrq 5 +Ghprjudsklf Hhfw, Doo ohjlvodwruv duh kljk fdvwh li +l, kljk fdvwh
flwl}hqv irup d srsxodwlrq pdmrulw| dqg +ll, fdvwh suhihuhqfhv duh srolwlfdoo| ghflvlyh
+wkdw lv / R 	 o,1 Lq wklv fdvh rqo| qrq0wdujhwhg uhglvwulexwlrq rffxuv1
Li erwk sduwlhv rqo| hog kljk fdvwh fdqglgdwhv/ wkhq sduw|  zlqv +e| wkh vdph
orjlf dv lq sursrvlwlrq 4,1 Krzhyhu/ wkh glhuhqfh iurp sursrvlwlrq 4 lv wkdw dvvxps0
wlrq 4 krogv1 Wkhuhiruh/ wkh orvlqj sduw| +sduw| -, fdq dhfw flwl}hqv* yrwlqj ghflvlrqv
e| dsshdolqj wr wkhlu fdvwh edvhg uhglvwulexwlyh suhihuhqfhv1 Krzhyhu/ sursrvlwlrq 5
whoov xv wkdw li R 	 o, dqg  : 2 wkhq sduw| - fdqqrw vr dhfw wkh hohfwrudo
rxwfrph1 Wkh uhdvrq lv wkdw li R 	 o, wkhq flwl}hqv* fdvwh edvhg suhihuhqfhv duh
srolwlfdoo| ghflvlyh1 Wkdw lv/ lw lv qrw srvvleoh iru sduw| - wr fkrrvh d sruwirolr ri
fdqglgdwhv vxfk wkdw orz/ exw qrw kljk/ fdvwh flwl}hqv yrwh dorqj fdvwh olqhv1 Wkhuh0
iruh/ lq vlwxdwlrqv zkhuh sduw| - hogv d qrq }hur sursruwlrq ri orz fdvwh fdqglgdwhv
dqg jdlqv wkh orz fdvwh yrwh lw zloo orvh wkh ulfk kljk fdvwh yrwh1 Lq wkh hqvxlqj
57Wkhuh h{lvwv vrph txdolwdwlyh hylghqfh vxjjhvwlqj wkdw ohjlvodwlrq zklfk wdujhwv d vshflf vrfldo
jurxs lv riwhq dvvrfldwhg zlwk wkh hphujhqfh ri d srolwlfv ri lghqwlw| +Edugkdq 4<<9,1
58Lw lv srvvleoh wr lqwhusuhw wklv dv d vlwxdwlrq lq zklfk srolf| lv fdswxuhg e| wkh cplqrulw| holwh*1
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htxloleulxp doo flwl}hq w|shv zloo yrwh dorqj fdvwh olqhv1 Kljk fdvwh flwl}hqv zloo yrwh
iru sduw|  zklfk lv dvvrfldwhg zlwk qr wdujhwhg uhglvwulexwlrq1 Dv  : 2 sduw| 
zloo zlq1 Wkhuhiruh/ zkloh sduw| - fdq dhfw wkh edvlv ri flwl}hqv* yrwlqj ghflvlrqv lw
fdqqrw dhfw wkh hohfwrudo rxwfrph1 Khuh lw lv wkh ghprjudsklf frpsrvlwlrq ri wkh
srsxodwlrq frpelqhg zlwk wkh idfw wkdw flwl}hqv fdvwh edvhg suhihuhqfhv duh srolwlfdoo|
ghflvlyh zklfk plolwdwhv djdlqvw orz fdvwh srolwlfdo uhsuhvhqwdwlrq1
Fruroodu| wr Sursrvlwlrq 5 Wkh htxloleulxp lv qrq0qhxwudo1 Srolwlfdo uhvhuydwlrq
lqfuhdvhv wdujhwhg uhglvwulexwlrq/ exw ohdyhv wkh zlqqlqj sduw|*v lghqwlw| xqdhfwhg1
Wkh surri vkrzv wkdw zlwk srolwlfdo uhvhuydwlrq sduwlhv hog orz fdvwh fdqglgdwhv
lq wkh uhvhuyhg mxulvglfwlrqv1 Sduw|  frqwlqxhv wr hqmr| hohfwrudo vxffhvv1 Sduw| -
fdqqrw lq xhqfh wkh hohfwrudo rxwfrph e| ixuwkhu lqfuhdvlqj wkh sursruwlrq ri orz
fdvwh fdqglgdwhv lw hogv1 Wkh uhdvrq lv wkh vdph dv lq sursrvlwlrq 51 Qdpho|/ wkdw
dq| vxfk lqfuhdvh ohdgv wr flwl}hqv* yrwlqj rq wkh edvlv ri wkhlu fdvwh suhihuhqfhv1 Kljk
fdvwh flwl}hqv yrwh iru wkh sduw| hoglqj ihzhu orz fdvwhv 0 sduw|  1 Dv wkh| irup
d srsxodwlrq pdmrulw| sduw|  frqwlqxhv wr zlq1 Rqfh djdlq/ lw lv wkh ghprjudsklf
frpsrvlwlrq ri wkh srolw| zklfk olplwv wkh h{whqw ri plqrulw| uhsuhvhqwdwlrq1 Wkh
glhuhqfh/ ri frxuvh/ lv wkdw zlwk srolwlfdo uhvhuydwlrq wkh qdo srolf| yhfwru lqfoxghv
erwk wdujhwhg dqg qrq0wdujhwhg uhglvwulexwlrq159* 5:
D nh| dvvxpswlrq lq wklv prgho lv wkdw fdqglgdwhv fdqqrw frpplw wr srolflhv1
Wklv ohdgv wr sduwlhv frqglwlrqlqj fdqglgdwh vhohfwlrq rq fdqglgdwh lghqwlw|1 Lq sdu0
wlfxodu/ wkh dqdo|vlv vkrzv wkdw wkh zlqqlqj sduw| vhohfwv wkh fdqglgdwhv zkr vkduh
wkh srolf| suhihuhqfhv ri d pdmrulw| ri yrwhuv1 Lq vlwxdwlrqv lq zklfk wkh pdmrulw|
suhihuv }hur wdujhwhg wudqvihuv duh vlwxdwlrqv lq zklfk orz fdvwhv idlo wr rewdlq srolwlfdo
uhsuhvhqwdwlrq1 Wkh uhdvrq lv vwudljkwiruzdug1 Vlqfh +srru, orz fdvwhv idyru wdujhwhg
uhglvwulexwlrq d sduw| fdqqrw erwk hog orz fdvwh flwl}hqv dqg eh dvvrfldwhg zlwk }hur
wdujhwhg uhglvwulexwlrq1
Wkh dqdo|vlv lghqwlhg wzr vxfk vlwxdwlrqv15; Lq erwk fdvhv wkh ghprjudsklf
frpsrvlwlrq ri wkh srolwlfdo mxulvglfwlrqv sod|hg d fuxfldo uroh1 Vlwxdwlrqv lq zklfk
orz fdvwhv iruphg d srsxodwlrq plqrulw| dqg fdvwh edvhg suhihuhqfhv duh srolwlfdoo|
ghflvlyh duh fkdudfwhul}hg e| plqrulw| xqghu0uhsuhvhqwdwlrq1 Lpsruwdqwo|/ vlwxdwlrqv
lq zklfk wkh srsxodwlrq vkduh ri srru orz fdvwh flwl}hqv zdv uhodwlyho| odujh +exw
ohvv wkdq kdoi, duh dovr fkdudfwhul}hg e| plqrulw| xqghu0uhsuhvhqwdwlrq1 Lq wklv fdvh
59Li Qk A 45 exw Qsk A Quo wkhq lq pdq| fdvhv rqo| pl{hg vwudwhj| htxloleuld h{lvw1 Frqglwlrqdo
rq sduw| S hoglqj kljk fdvwhv sduw| U fdq dwwudfw d pdmrulw| ri yrwhv e| hoglqj vrph sursruwlrq
ri orz fdvwh fdqglgdwhv1 Wklv ohdgv wr f|fohv zkhuh iru hdfk fdqglgdwh pl{ d sduw| sxwv iruzdug
wkhuh lv dqrwkhu fdqglgdwh vhw wkdw wkh orvlqj sduw| fdq xvh wr ghihdw lw1
5:Wklv dqdo|vlv irfxvhv rq wkh uhodwlrqvkls ehwzhhq wkh ghprjudsklf frpsrvlwlrq ri srolwlfdo
mxulvglfwlrqv dqg wkh h{whqw ri plqrulw| xqghu0uhsuhvhqwdwlrq1 Dqrwkhu uhdvrq zk| plqrulw| xqghu0
uhsuhvhqwdwlrq pd| dulvh lv h{wuhph sduw| suhmxglfh1 Vxfk d fdvh zrxog dulvhv li d sduw| suhihuv
hohfwrudo ghihdw wr zlqqlqj exw kdylqj wr xqghuwdnh wdujhwhg uhglvwulexwlrq1 Vxfk vlwxdwlrqv pd|
dulvh zkhq wkh pdlq qdwlrqdo sduwlhv duh hwkqlf sduwlhv1 Lq wkhvh fdvhv srolwlfdo uhvhuydwlrq lv/ djdlq/
d srzhuixo wrro e| zklfk orz fdvwhv pd| dfklhyh srolf| uhsuhvhqwdwlrq1
5;Lq wkh fdvhv dqdo|}hg sduwlhv* htxloleulxp fkrlfh ri  frlqflghg1 Wklv ihdwxuh ri wkh prgho fdq
eh uhodwhg wr sdshuv vxfk dv Olqgehfn dqg Zhlexoo +4<;9, dqg Gl{lw dqg Orqghjudq +4<<:,1 Wkhvh
sdshuv vkrz wkdw li sduw| srolf| srwhqwldoo| glhuv dorqj d c{hg* dqg d csoldeoh* glphqvlrq wkhq lq
htxloleulxp sduw| srolflhv rq wkh soldeoh glphqvlrq zloo frlqflgh/ zlwk sduw| glhuhqfhv rq wkh {hg
srolf| glphqvlrq ghwhuplqlqj wkh zlqqlqj fdqglgdwhv sduw| lghqwlw|1
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doo rwkhu flwl}hqv +lqfoxglqj ulfk orz fdvwhv, xqlwh lq wkhlu rssrvlwlrq wr wdujhwhg
wudqvihuv15< Wkh vxevhtxhqw lqwurgxfwlrq ri dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq
e| iruflqj sduwlhv wr dowhu wkhlu fdqglgdwh vhw dhfwv srolf| rxwfrphv1
L qrz h{dplqh wkh uhdo zruog uhohydqfh ri wklv wkhvlv1 Wr gr vr/ L h{sorlw wkh
h{lvwhqfh ri dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq dfurvv Lqgldq vwdwhv1 Lq sduwlfxodu/
L xvh Lqgldq vwdwh ohyho gdwd rq wkh ixqfwlrqlqj ri srolwlfdo uhvhuydwlrq wr h{dplqh
wkh uhodwlrqvkls ehwzhhq wkh suhvhqfh ri plqrulw| ohjlvodwruv dqg vwdwh ohyho srolf|
rxwfrphv1 Ehiruh grlqj vr/ L eulh | glvfxvv vrph hpslulfdoo| uhohydqw jhqhudolvdwlrqv
ri wkh wkhru|1
617 Jhqhudol}lqj wkh Uhvxowv
Wklv vxevhfwlrq glvfxvvhv wkh urexvwqhvv ri wkh prgho wr fkdqjhv lq vrph ri lw*v xqghu0
o|lqj dvvxpswlrqv1 Wkh irfxv lv rq dvvxpswlrqv zklfk duh uhohydqw wr wkh vxevhtxhqw
hpslulfdo dqdo|vlv1
61714 Fkrlfh ri hohfwrudo odz
Wkh dqdo|vlv prghoohg wkh lqwurgxfwlrq ri srolwlfdo uhvhuydwlrq dv dq h{rjhqrxv fkdqjh
lq wkh h{lvwlqj vhw ri srolwlfdo lqvwlwxwlrqv1 Lq uhdolw|/ vxfk fkdqjhv duh dovr ghwhuplqhg
e| wkh srolwlfdo surfhvv1 Wklv zrxog vxjjhvw wkdw wkh ghwhuplqdwlrq dqg srolf| frq0
vhtxhqfhv ri vxfk odzv vkrxog eh mrlqwo| prghoohg1
Rqh zd| zrxog eh wr frqvlghu d wzr shulrg yduldqw ri rxu prgho lq shulrg rqh
hohfwlrqv duh khog dqg wkh hohfwhg ohjlvodwruv fkrrvh zkhwkhu wr fkdqjh wkh hohfwrudo
lqvwlwxwlrq> lq shulrg wzr hohfwlrqv duh khog xqghu wkh qhz hohfwrudo duudqjhphqwv dqg
wkh hohfwhg ohjlvodwruv vhohfw wkh ohyhov ri uhglvwulexwlrq1 Fohduo|/ lq vwdjh 4 udwlrqdo
yrwhuv zloo dqwlflsdwh wkh fkrlfh ri srolwlfdo lqvwlwxwlrqv dvvrfldwhg zlwk d srolf|0pdnhu
dqg zloo yrwh dffruglqjo|1 Lq wkh vlwxdwlrqv lghqwlhg lq wklv prgho wkh hohfwrudo odz
ri srolwlfdo uhvhuydwlrq zrxog qrw eh lpsohphqwhg1 Iru lq shulrg rqh d pdmrulw| ri
flwl}hqv zloo yrwh iru kljk fdvwh ohjlvodwruv/ zkrvh srolf| suhihuhqfhv duh iru qr srolwlfdo
uhvhuydwlrq163
D vhfrqg zd| ri prghoolqj wkh fkrlfh ri hohfwrudo lqvwlwxwlrqv0 zklfk wv wkh
Lqgldq uhdolw| 0 lv wr srvwxodwh d frqvwlwxwlrq ghvljq vwdjh sulru wr wkh jdph dqdo|vhg
lq wklv vhfwlrq1 Lq pdq| frxqwulhv phpehuv ri frqvwlwxhqw dvvhpeolhv duh qrplqdwhg
qrw hohfwhg1 Li wkhvh lqfoxgh d vx!flhqw qxpehu ri plqrulw| phpehuv +zkr zrxog
sxvk iru wkh lqwurgxfwlrq ri vxfk d odz, wkhq dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq
pd| eh lpsohphqwhg1 Lq Lqgld wkh idfw wkdw wkh khdg ri wkh Frqvwlwxwhqw dvvhpeo|
zdv d orz fdvwh sod|hg d fuxfldo uroh lq wkh lpsohphqwdwlrq ri wkh srolf| ri srolwlfdo
uhvhuydwlrq1
Wkh hpslulfdo dqdo|vlv ghdov zlwk wkh srwhqwldo hqgrjhqhlw| ri wkh hohfwrudo odz
ri srolwlfdo uhvhuydwlrq e| rqo| dqdo|vlqj gdwd iru wkh srvw Lqghshqghqfh shulrg lq
5<Sdshuv vxfk dv Fxwohu/ Hophqgrui dqg ]hfnkdxvhu +4<<6,/ Srwhued +4<<:, dqg Jhoedfk dqg
Sulwfkhww +4<<:, pdnh wkh vdph srlqw
63Lq jhqhudo/ wklv lv d uhdvrq riwhq flwhg iru wkh revhuyhg shuvlvwhqfh ri wkh vwdwxv txr srolwlfdo
lqvwlwxwlrqv lq prvw frxqwulhv1
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Lqgld1 Wkh hohfwrudo odz ri srolwlfdo uhvhuydwlrq zdv lq h{lvwhqfh iru wkh hqwluh sh0
ulrg1 Krzhyhu/ wkh srsxodwlrq edvlv ri uhvhuydwlrq lqgxfhg h{rjhqrxv furvv vwdwh
dqg wlph yduldwlrq lq wkh h{whqw ri uhvhuydwlrq1 Wkh hpslulfdo dqdo|vlv h{sorlwv wklv
gdwd yduldwlrq1 Iurp wkh wkhruhwlfdo dqdo|vlv zh nqrz wkdw lq vlwxdwlrqv ri lqlwldo
plqrulw| xqghu0uhsuhvhqwdwlrq wkh lqwurgxfwlrq ri d odz ri srolwlfdo uhvhuydwlrq zloo
ohdg wr wkh zlqqlqj sduw| hoglqj orz fdvwh fdqglgdwhv +rqo|, lq wkh uhvhuyhg mxulvglf0
wlrqv1 Wklv vxjjhvwv wkdw vxevhtxhqw srsxodwlrq lqgxfhg yduldwlrqv lq wkh h{whqw ri
srolwlfdo uhvhuydwlrq zloo eh dvrfldwhg zlwk yduldwlrqv lq erwk wkh qxpehu ri plqrulw|
ohjlvodwruv dqg srolf| rxwfrphv1
61715 Pxowlsoh plqrulw| jurxsv
Wklv dqdo|vlv h{dplqhv wkh fdvh ri d vlqjoh plqrulw| jurxs orz fdvwh flwl}hqv1 Lq
prvw frxqwulhv +Lqgld ehlqj qr h{fhswlrq, pxowlsoh plqrulw| jurxsv h{lvw1 H{whqglqj
rxu dqdo|vlv wr fryhu vxfk d fdvh dowhuv wkh txdqwlwdwlyh uhvxowv dv wkh vl}h dqg qxpehu
ri ihdvleoh yrwhu frdolwlrqv fkdqjhv1 Krzhyhu/ dv orqj dv +l, wkh plqrulw| jurxsv
duh uhdvrqdeo| v|pphwulf dqg +ll, wkh jurxsv/ wdnhq wrjhwkhu/ gr qrw frqvwlwxwh d
srsxodwlrq pdmrulw| wkh txdolwdwlyh dvshfwv ri wkh uhvxowv jhqhudol}h1
61716 Lqwhu mxulvglfwlrq khwhurjhqhlw|
Wkh dqdo|vlv dvvxphg wkdw wkh ghprjudsklf frpsrvlwlrq ri mxulvglfwlrqv lv lghqwlfdo1
Krzhyhu/ lq uhdolw| mxulvglfwlrqv zlwklq d vwdwh glhu lq wkhlu ghprjudsklf frpsrvl0
wlrq1 Lq vxfk d fdvh/ dv orqj dv srolf|0pdnlqj rffxuv dw wkh vwdwh ohyho dqg srolf|
rxwfrphv duh frpprq dfurvv mxulvglfwlrqv/ flwl}hqv zloo frqwlqxh wr frqglwlrq wkhlu
yrwh rq d sduw|*v hqwluh yhfwru ri fdqglgdwhv1 Krzhyhu/ wkh lghqwlw| ri wkh zlqqlqj
fdqglgdwhv +dqg wkhuhiruh d sduw|*v fdqglgdwh vhw, lv srwhqwldoo| dhfwhg e| lqwhu0
mxulvglfwlrqdo khwhurjhqhlw|1 Lq jhqhudo/ lqwurgxflqj lqwhu0mxulvglfwlrq khwhurjhqhlw|
lq prghov ri srolf|pdnlqj frqfhqwudwhv hohfwrudo frpshwlwlrq lq vrph cvzlqj* mxulv0
glfwlrqv +iru dq h{dpsoh ri wklv/ vhh Shuvvrq dqg Wdehoolql 4<<;,1 Wkdw lv/ sduwlhv
vhohfw wkh vhw ri fdqglgdwhv idyruhg e| d pdmrulw| ri flwl}hqv lq wkhvh mxulvglfwlrqv1
Lw lv fohdu wkdw Lqgldq vwdwhv duh olnho| wr eh fkdudfwhulvhg e| vxevwdqwldo lqwhu0
mxulvglfwlrq khwhurjhqhlw|1 Wkhuhiruh/ iru wkh wkhruhwlfdo dqdo|vlv wr eh uhohydqw iru d
vwdwh ohyho dqdo|vlv ri srolf|pdnlqj L qhhg wzr lghqwli|lqj dvvxpswlrqv1 Iluvw/ wkdw
wkh ghprjudsklf fkdudfwhulvwlfv ri vzlqj mxulvglfwlrqv eh vxfk wkdw plqrulw| xqghu0
uhsuhvhqwdwlrq uhvxowv1 Wkh vhfrqg lghqwli|lqj dvvxpswlrq uhodwhg wr wkh idfw wkdw L
fdswxuh wkh hhfw ri ghprjudsklf ihdwxuhv rq srolf| rxwfrphv yld vwdwh0ohyho ghpr0
judsklf gdwd1 Iru wklv wr eh dssursuldwh lw pxvw eh wuxh wkdw d vwdwh*v ghprjudsklf
frpsrvlwlrq lv fruuhodwhg zlwk wkh ghprjudsklf frpsrvlwlrq ri wkh vzlqj mxulvglf0
wlrqv1
618 Hpslulfdo Suhglfwlrqv
Wr frqfoxgh/ L rxwolqh wkh pdlq hpslulfdoo| whvwdeoh suhglfwlrqv ri wkh wkhru|1
Suhglfwlrq 4= Lq vlwxdwlrqv zkhuh orz fdvwhv frqvwlwxwh d srsxodwlrq plqrulw|/ wkh|
zloo idlo wr rewdlq srolwlfdo uhsuhvhqwdwlrq li =
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+l, +exgjhw frqvwudlqw hhfw, Srru orz fdvwhv srsxodwlrq vkduh lv odujh
+ll, +ghprjudsklf hhfw, Srru orz fdvwhv srsxodwlrq vkduh lv uhodwlyho| orz/ exw fdvwh
suhihuhqfhv duh srolwlfdoo| ghflvlyh1
Suhglfwlrq 5= Lq vlwxdwlrqv ri lqlwldo plqrulw| xqghu0uhsuhvhqwdwlrq/ yduldwlrqv lq
wkh h{whqw ri srolwlfdo uhvhuydwlrq dhfw srolf| rxwfrphv1 Wklv srolf| lq xhqfh wdnhv
wkh irup ri lqfuhdvhg wdujhwhg wudqvihuv +xqohvv wkh h{whqw ri uhvhuydwlrq lv wrr kljk,1
Suhglfwlrq 6= Yduldwlrqv lq wkh h{whqw ri srolwlfdo uhvhuydwlrq pd| ru pd| qrw dhfw
hohfwrudo rxwfrphv1
Ilqdoo|/ L qrwh wkdw d vljqlfdqw hhfw ri ohjlvodwru lghqwlw| rq wkh srolflhv fkrvhq
pd| dovr eh wdnhq dv hylghqfh iru/ exw qrw surri ri/ wkh odfn ri srolf| frpplwphqw
rq wkh sduw ri ohjlvodwruv641
7 Wkh Frqwh{w= Srolwlfdo Uhvhuydwlrq lq Lqgld
Lq wklv vhfwlrq L xvh d vwdwh ohyho sdqho gdwd vhw iurp Lqgld wr hpslulfdoo| h{dplqh wkh
uhodwlrqvkls ehwzhhq plqrulw| uhsuhvhqwdwlrq dqg srolf| rxwfrphv1 Wr gr vr/ L h{sorlw
wkh furvv vwdwh dqg wlph yduldwlrq lq ohjlvodwru lghqwlw| lqgxfhg e| wkh ixqfwlrqlqj ri
wkh hohfwrudo odz ri srolwlfdo uhvhuydwlrq dfurvv Lqgldq vwdwhv1
Wkh pdlq sulqflsohv zklfk jxlgh hohfwlrqv lq Lqgld zhuh odlg grzq lq wkh Lq0
gldq frqvwlwxwlrq lq 4<831 Wkh frqvwlwxwlrq vwdwhv wkdw Lqgld lv d ihghudo ghprfudf|
lq zklfk flwl}hqv hohfw uhsuhvhqwdwlyhv lq vlqjoh0phpehu mxulvglfwlrq hohfwlrqv1 Wkh
hohfwlrqv duh zlqqhu0wdnh0doo hohfwlrqv zlwk wkh wrs yrwh uhfhlyhu ehlqj hohfwhg1 Lpsru0
wdqwo|/ wkh 4<83 frqvwlwxwlrq dovr surylghg iru srolwlfdo uhvhuydwlrq1 Duwlfoh 663 dqg
665 ri wkh frqvwlwxwlrq vwdwh wkdw sulru wr hyhu| vwdwh dqg qdwlrqdo hohfwlrq d fhuwdlq
qxpehu ri mxulvglfwlrqv zloo eh uhvhuyhg1 Rqo| fdqglgdwhv ehorqjlqj wr d vshflhg
srsxodwlrq jurxs pd| vwdqg iru hohfwlrq lq wkhvh mxulvglfwlrqv1 Wkh hqwluh hohfwrudwh/
krzhyhu/ sduwlflsdwhv lq fkrrvlqj dprqjvw fdqglgdwhv vr txdolhg1
Wkh frqvwlwxwlrq surylghv vxfk srolwlfdo uhvhuydwlrq iru wzr srsxodwlrq jurxsv=
vfkhgxohg fdvwhv dqg vfkhgxohg wulehv1 Iru h{srvlwlrqdo hdvh/ wkhvh jurxsv duh uhihuuhg
wr dv plqrulw| 4 +vfkhgxohg fdvwhv, dqg plqrulw| 5 +vfkhgxohg wulehv,1 Wrjhwkhu/ wkh
jurxsv pdnh xs urxjko| 58 shufhqw ri wkh Lqgldq srsxodwlrq/ ri zklfk plqrulw| 4
dffrxqwv iru urxjko| wzr wklugv +4<<4 fhqvxv,1 Wkh h{lvwhqfh ri wkh cplqrulw| 4* srs0
xodwlrq jurxs uhodwhv wr wkh Klqgx fdvwh v|vwhp65 zklfk dvvljqv hyhu| lqglylgxdo dw
eluwk wr d fdvwh1 Hyhu| fdvwh rffxslhv d +odujho|, ghwhuplqdwh srvlwlrq lq d klhudufkl0
fdo vfdoh ri udqnv1 Ehwzhhq wzr wr wkuhh wkrxvdqg fdvwhv h{lvw/ ri zklfk ::< ri wkh
prvw vrfldoo| glvdgydqwdjhg fdvwhv duh lghqwlhg66 dv phpehuv ri plqrulw| 41 Wkh
srsxodwlrq fdwhjru| cplqrulw| 5* fryhuv phpehuv ri Lqgld*v lqgljhqrxv wuledo srsx0
odwlrq1 Zklovw wkh ohjdo edvlv iru jurxs lghqwlfdwlrq lv vrfldo dqg frpprq dfurvv
64Dv zlwk dq| vxfk hpslulfdo whvw L fdqqrw uxoh rxw rwkhu frpshwlqj k|srwkhvhv1 Iru lq vr idu
dv L fdqqrw lvrodwh d vlqjoh srolf| glphqvlrq lq p| hpslulfdo dqdo|vlv L fdqqrw gluhfwo| whvw iru wkh
h{whqw wr zklfk srolf| frpplwphqw lv devhqw1
65Klqgxv pdnh xs dssur{lpdwho| ;8 shufhqw ri wkh Lqgldq srsxodwlrq +4<<4 Fhqvxv,1 Wkh jhqhvlv
ri wkh fdvwh v|vwhp lv xvxdoo| wudfhg wr wkh Du|dq lqydvlrq ri Lqgld lq 4833 E1F1 Fdvwh jurxslqjv
duh hqgrjdprxv zlwk khuhglwdu| phpehuvkls1
66Wklv jurxs zdv uvw lghqwlhg lq d Jryhuqphqw ri Lqgld Dfw ri 4<681
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vwdwhv +Wdeoh 4,/ phpehuv ri wkhvh jurxsv whqg dovr wr eh hfrqrplfdoo| glvdgydqwdjhg
+Wdeoh 5,1 67
Wkh hohfwrudo odz ri srolwlfdo uhvhuydwlrq +dv vhw rxw lq wkh Lqgldq frqvwlwxwlrq,
vwdwhv wkdw sulru wr hyhu| vwdwh ohyho hohfwlrq d fhuwdlq qxpehu ri mxulvglfwlrqv zloo
eh uhvhuyhg +vhsdudwho|, iru hdfk ri wkh wzr plqrulwlhv1 Wzr fulwhuld iru wkh vhohfwlrq
ri uhvhuyhg mxulvglfwlrqv1 Wkhvh duh +l, wkh srsxodwlrq frqfhqwudwlrq ri wkh plqrulw|
jurxs lq wkdw mxulvglfwlrq dqg +ll, vx!flhqw glvshuvdo ri uhvhuyhg mxulvglfwlrqv zlwklq
wkh vwdwh1 Lq fdvh ri plqrulw| 4 fulwhuld +ll, kdv ehhq wkh pdlq ghwhuplqdqw ri uhvhuyd0
wlrq1 Plqrulw| 4 flwl}hqv 4 irup d srsxodwlrq plqrulw| lq doprvw hyhu| vwdwh dvvhpeo|
ohyho mxulvglfwlrq uhvhuyhg iru wkhp681 Lq fdvh ri plqrulw| 5 erwk fulwhuld kdyh ehhq
xvhg1 Plqrulw| 5 flwl}hqv frqvwlwxwh d srsxodwlrq plqrulw| lq dssur{lpdwho| kdoi ri
wkh mxulvglfwlrqv uhvhuyhg iru wkhp1
Uhjduglqj wkh h{whqw ri uhvhuydwlrq/ wkh Lqgldq frqvwlwxwlrq vwdwhv wkdw wkh sur0
sruwlrq ri mxulvglfwlrqv uhvhuyhg iru d plqrulw| vkrxog uh hfw lwv srsxodwlrq vkduh dv
ghqhg lq wkh ghfhqqldo fhqvxv +Duwlfoh 655/ 4<83 Lqgldq frqvwlwxwlrq,1 Wkh frqvwlwx0
wlrq dovr surylghv iru srsxodwlrq edvhg uhdgmxvwphqw ri wkh sursruwlrq ri mxulvglfwlrqv
uhvhuyhg iru d jurxs1
Wkh h{whqw ri srolwlfdo uhvhuydwlrq iru d plqrulw| lq dq Lqgldq vwdwh lv ghwhuplqhg
e| wkh jurxs*v srsxodwlrq vkduh1 Krzhyhu/ fkdqjhv lq d jurxs*v srsxodwlrq vkduh dqg
wkh h{whqw ri uhvhuydwlrq lw lv drughg kdyh qrw ehhq frqwhpsrudqhrxv1 Wkhuh duh wzr
uhdvrqv iru wklv1 Wkh Lqgldq frqvwlwxwlrq vwdwhv wkdw wkh edvlv iru vxfk uhdgmxvwphqwv
pxvw eh wkh ghfhqqldo fhqvxv1 Dgmxvwphqw rq wkh edvlv ri dqwlflsdwhg srsxodwlrq
jxuhv lv glvdoorzhg1 Khqfh/ gxulqj d vlqjoh fhqvxv shulrg wkh sursruwlrq ri vhdwv
uhvhuyhg iru d jurxs lv xvxdoo| dgmxvwhg wzlfh 0 rqfh rq wkh edvlv ri surylvlrqdo fhqvxv
jxuhv/ dqg rqfh rq wkh edvlv ri qdo fhqvxv jxuhv1 Wkh vhfrqg uhdvrq iru wlph odjv
lq wkh srsxodwlrq edvhg uhdgmxvwphqw ri wkh qxpehu ri vhdwv uhvhuyhg lv wkdw vxfk
dgmxvwphqwv fdq rqo| rffxu dw wkh srlqw ri hohfwlrq1
Lw lv zlgho| djuhhg wkdw wkh suhvhqfh ri plqrulw| ohjlvodwruv lq Lqgldq vwdwh ohj0
lvodwxuhv lv pdlqo| gxh wr srolwlfdo uhvhuydwlrq +Jdodqwhu 4<:;> Gxvknlq 4<:5,1 Wd0
eoh 6 vkrzv wkdw gxulqj wkh 4<93v dqg 4<:3v doprvw doo plqrulw| ohjlvodwruv69 zhuh
hohfwhg iurp uhvhuyhg mxulvglfwlrqv1 Dq dqdo|vlv ri plqrulw| uhsuhvhqwdwlrq lq wkh
xsshu krxvhv ri vwdwh ohjlvodwxuhv +zkhuh qr uhvhuydwlrq h{lvwv, vxjjhvwv wkdw wklv lv
qrw mxvw d glvsodfhphqw hhfw zkhuhlq plqrulw| ohjlvodwruv vlpso| vkliw wr frqwhvwlqj
uhvhuyhg vhdwv +Wdeoh 6,1
Wkhuh h{lvwv yhu| olwwoh irupdo olwhudwxuh zklfk dqdo|vhv wkh lq xhqfh wkdw plqrulw|
uhsuhvhqwdwlrq kdv kdg rq vwdwh ohyho srolf|0pdnlqj dfurvv Lqgldq vwdwhv1 Txdolwdwlyh
hylghqfh rq zkhwkhu plqrulw| ohjlvodwruv kdyh dowhuhg vwdwh ohyho srolf|0pdnlqj lv
pl{hg1 Vrph dxwkruv/ vxfk dv Ed{l +4<;7,/ dujxh wkdw lqfuhdvhg plqrulw| uhsuhvhqwd0
67Lq fdvh ri plqrulw| 4 wkh fdxvh lv fdvwh edvhg uhvwulfwlrqv rq wkhlu vrfldo lqwhudfwlrq dqg hpsor|0
phqw rssruwxqlwlhv +Dnhuori 4<:9,1 Lq frqwudvw/ wkh hfrqrplf edfnzdugqhvv ri plqrulw| 5 phpehuv
lv pdlqo| gxh wr wkhlu hfrorjlfdo dqg vrfldo lvrodwlrq iurp wkh pdlqvwuhdp1
68Wkh plqrulw| 4 srsxodwlrq vkduh lq uhvhuyhg mxulvglfwlrqv whqgv wr eh dw ehvw yh wr vl{ shufhqwdjh
srlqwv kljkhu wkdq lq xquhvhuyhg mxulvglfwlrqv1+Jdodqwhu 4<;7,
69Zh zhuh xqdeoh wr jhw gdwd iru wkh 4<;3v dqg 4<<3v1 Krzhyhu/ wkh olwhudwxuh vxjjhvwv wkdw wkhuh
kdyh qrw ehhq dq| gudpdwlf fkdqjhv lq wklv wuhqg +Phqghovrkq dqg Ylf}ldq| 4<<;,1
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wlrq kdv qrw dhfwhg vwdwh ohyho srolf|0pdnlqj lq Lqgld1 Lqvwhdg/ plqrulw| ohjlvodwruv*
srolf| ehkdylru kdv ehhq odujho| ghwhuplqhg e| wkhlu qhhg wr dsshdo erwk wr xsshu
fdvwh frqvwlwxhqwv lq uhvhuyhg mxulvglfwlrqv dqg wr wkh sulpdulo| xsshu fdvwh php0
ehuvkls ri sduw| sohqdu| frpplwwhhv16: Lq frqwudvw/ dxwkruv vxfk dv Gxvknlq +4<:5,/
Mrvkl +4<;5, dqg Jdodqwhu +4<;7, fodlp wkdw plqrulw| uhsuhvhqwdwlrq kdv lq xhqfhg
srolf|0pdnlqj1 Wkhlu pdlq wkhvlv lv wkdw plqrulw| ohjlvodwruv kdyh whqghg wr dfw hq
eorf dqg frqfhqwudwh hruw rq lqfuhdvlqj wudqvihuv wr wkhlu rzq jurxs= pruh fdelqhw
srvlwlrqv iru wkhpvhoyhv/ pruh vfkroduvklsv dqg uhvhuydwlrqv lq kljkhu hgxfdwlrqdo
lqvwlwxwlrqv dqg/ deryh doo/ pruh jryhuqphqw mrev 6;1
Erwk wkhru| dqg wkh h{lvwlqj txdolwdwlyh olwhudwxuh surylgh lpsruwdqw uhdvrqv iru
zk| lqfuhdvhg plqrulw| uhsuhvhqwdwlrq lq vwdwh ohjlvodwxuhv pd| qrw kdyh lq xhqfhg
vwdwh ohyho srolf|0pdnlqj1 L/ wkhuhiruh/ wxuq wr dq hfrqrphwulf dqdo|vlv wr irupdoo|
dvvhvv wkh vxffhvv ri srolwlfdo uhvhuydwlrq lq lq xhqflqj vwdwh ohyho srolf|0pdnlqj lq
Lqgld1
8 Whvwlqj iru wkh Ghwhuplqdqwv ri Srolf| Fkrlfhv
Wkh xqlw ri revhuydwlrq lq wkh hfrqrphwulf dqdo|vlv lv dq Lqgldq vwdwh1 Wkh ihghudo qd0
wxuh ri wkh Lqgldq frqvwlwxwlrq lpsolhv wkdw Lqgldq vwdwh jryhuqphqwv kdyh lpsruwdqw
lqghshqghqw srolf|0pdnlqj srzhuv1 Ixuwkhu/ pdq| ri wkh vxemhfwv rq zklfk vwdwhv hq0
mr| vroh mxulvglfwlrq uhodwh wr plqrulw| zhoiduh1 Wklv vxjjhvwv wkdw lw lv dssursuldwh wr
xvh dq Lqgldq vwdwh ohyho sdqho gdwd vhw wr dqdo|}h wkh uhodwlrqvkls ehwzhhq plqrulw|
uhsuhvhqwdwlrq dqg srolf| rxwfrphv1 Zklovw wkh hohfwrudo odz ri srolwlfdo uhvhuydwlrq
kdv ehhq lq irufh gxulqj wkh hqwluh gdwd shulrg/ wkh h{whqw ri srolwlfdo uhvhuydwlrq
kdv h{klelwhg furvv vwdwh dqg wlph vhulhv yduldwlrq1 Wkh dqdo|vlv h{sorlwv wklv h{rjh0
qrxv yduldwlrq lq ohjlvodwru lghqwlw|/ lqgxfhg e| wkh ixqfwlrqlqj ri wkh hohfwrudo odz/
wr h{dplqh wkh uhodwlrqvkls ehwzhhq plqrulw| uhsuhvhqwdwlrq dqg vwdwh ohyho srolf|
fkrlfhv1
Wr gr vr/ L xvh d gdwd vhw zklfk fryhuv 49 pdmru Lqgldq vwdwhv dqg vsdqv wkh |hduv
4<8:04<<51 Wkhvh vwdwhv dffrxqw iru ryhu <8 shufhqw ri wkh Lqgldq srsxodwlrq1 Wkh
gdwd vhw frqwdlqv vwdwh ohyho gdwd rq srolf| rxwfrphv/ wkh sursruwlrq ri vhdwv uhvhuyhg
iru plqrulw| 4 dqg plqrulw| 5 lq vwdwh ohjlvodwxuhv dqg rwkhu yduldeohv fkdudfwhul}lqj
vwdwh ghprjudsklf frpsrvlwlrq dqg lqfrph glvwulexwlrq1 Gxh wr gdwd dydlodelolw|
uhdvrqv wkh suhflvh wlph fryhudjh ydulhv dfurvv uhjuhvvlrqv1
Wdeoh 7 ghvfulehv vrph vdolhqw hfrqrplf dqg ghprjudsklf ihdwxuhv ri wkhvh vwdwhv1
Plqrulw| srsxodwlrq vkduhv h{klelw frqvlghudeoh lqwhu vwdwh yduldwlrq1 Zklovw doo vwdwhv
6:Wkh uhodwlyh sryhuw| ri plqrulw| jurxs phpehuv kdv phdqw wkdw dwwhpswv dw iruplqj plqrulw|
srolwlfdo sduwlhv ru lqwhuhvw jurxsv kdyh ehhq odujho| xqvxffhvvixo1
6;Gxvknlq +4<::, txrwhv lqvwdqfhv ri vxfk dfwlylvp gxulqj wkh 4<9:0:5 qdwlrqdo sduoldphqwdu|
vhvvlrq1 Wkh pdlq qdwlrqdo sduw| Frqjuhvv zdv ghihdwhg rq wkh dphqgphqw/c wkh rslqlrq ri wkh
Krxvh +wkdw, vdihjxdugv surylghg lq wkh Frqvwlwxwlrq iru wkh vfkhgxohg fdvwhv dqg wulehv duh qrw
ehlqj ixoo| lpsohphqwhg*1 Wkh ghihdw zdv sulpdulo| gxh wr eorf yrwlqj e| plqrulw| ohjlvodwruv1 Vkh
dovr dwwulexwhv wkh olehudolvdwlrq ri mre uhvhuydwlrq srolf| +Mxo| 4<9;/ 4<:3,/ lqfuhdvhg  h{lelolw| lq
wdujhwhg hgxfdwlrqdo vxevlglhv +4<9<,/ dqg d vwlhqlqj ri wkh xqwrxfkdelolw| rhqfhv dfw +4<:3, wr
wkhlu lq xhqfh1
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kdyh vrph plqrulw| 4 srsxodwlrq/ wkuhh vwdwhv gr qrw kdyh dq| plqrulw| 5 srsxod0
wlrq6<1 Wkh hfrqrplf fkdudfwhulvwlfv ri Lqgldq vwdwhv phdvxuhg e| shu fdslwd vwdwh
lqfrph/ Jlql frh!flhqw dqg ohyhov ri vwdwh h{shqglwxuh dqg uhyhqxh/ dovr h{klelw
vljqlfdqw furvv vwdwh glhuhqfhv1
Wdeoh 8 surylghv phdqv dqg ghyldwlrqv iru wkh yduldeohv hqwhulqj wkh dqdo|vlv1 L
frqwuro iru plqrulw| suhvhqfh lq d vwdwh*v ohjlvodwxuh e| lqfoxglqj gdwd rq wkh sur0
sruwlrq ri vhdwv uhvhuyhg iru hdfk ri wkh wzr plqrulwlhv lq wkh vwdwh ohjlvodwxuh1 Dv
glvfxvvhg hduolhu wklv lv d yhu| jrrg sur{| iru wrwdo plqrulw| suhvhqfh lq wkh ohjlvod0
wxuh1 L xvh gdwd rq plqrulw| srsxodwlrq vkduhv wr frqwuro iru yrwhu lghqwlw|1 Wlph0odjv
lq wkh srsxodwlrq edvhg uhdgmxvwphqw ri wkh h{whqw ri uhvhuydwlrq drughg wr d jurxs
lpsolhv wkdw wkh fruuhodwlrq ehwzhhq frqwhpsrudqhrxv fkdqjhv lq wkh srsxodwlrq dqg
uhvhuydwlrq vhulhv lv zhdn +rq wklv dovr vhh wkh ixuwkhu uhvxowv vhfwlrq,1 Khqfh wkh
srsxodwlrq dqg uhvhuydwlrq vhulhv duh qrw revhuydwlrqdoo| htxlydohqw1
Wr frqwuro iru rwkhu wlph ydu|lqj vwdwh vshflf frqwurov L lqfoxgh sxeolf qdqfh
gdwd rq vwdwh lqfrph shu fdslwd dqg ihghudo judqwv shu fdslwd1 Wkhvh surylgh d
phdvxuh ri wkh vwdwh exgjhw frqvwudlqw1 L dovr lqfoxgh lqirupdwlrq rq vwdwh ohyho
lqfrph lqhtxdolw|1 Krzhyhu/ wklv gdwd lv rqo| xvhg iru urexvwqhvv fkhfnv1 Wklv lv
erwk gxh wr uhvwulfwhg gdwd dydlodelolw| iru wkhvh vhulhv/ dqg wkh pruh jhqhudo zruu|
wkdw wkhvh yduldeohv duh sduwldoo| ghwhuplqhg e| wkh ghshqghqw srolf| yduldeoh1
Lq wdnlqj wkhru| wr wkh gdwd/ wkh uvw txhvwlrq wkdw dulvhv lv zkhwkhu wkh ghpr0
judsklf ihdwxuhv ri Lqgldq vwdwhv duh vxfk wkdw plqrulw| xqghu0uhsuhvhqwdwlrq lv olnho|
+iru wkh uhdvrqv glvfxvvhg lq wkh wkhru| vhfwlrq,1 Wdeoh 7 vkrzv wkdw wkh uvw uhtxluh0
phqw ri rxu wkhru| wkdw/ wkh wzr plqrulw| jurxsv frqvwlwxwh d srsxodwlrq plqrulw|
lv vdwlvhg lq hyhu| vwdwh1 Xqiruwxqdwho|/ gxh wr wkh odfn ri fdvwh zlvh lqfrph gdwd
zh fdqqrw ixuwkhu whvw wkh wkhruhwlfdo suhglfwlrqv uhjduglqj wkh fdxvhv ri plqrulw|
xqghu0uhsuhvhqwdwlrq1 Krzhyhu/ wkh vxppdu| vwdwlvwlfv lq Wdeoh 5 vkrz wkdw wkh lq0
flghqfh ri sryhuw| lv pxfk kljkhu dprqjvw plqrulwlhv +wkh sryhuw| udwhv dprqjvw
plqrulw| 4 dqg plqrulw| 5 jurxsv zhuh rqh dqg d kdoi wlphv wkdw ri wkh jhqhudo srs0
xodwlrq lq 4<;:,1 Dovr/ li zh uhjuhvv vwdwh0ohyho lqfrph lqhtxdolw| phdvxuh +Jlql, rq
plqrulw| srsxodwlrq vkduhv zh qg wkdw lqfuhdvhv lq plqrulw| 4*v srsxodwlrq vkduh duh
dvvrfldwhg zlwk juhdwhu lqhtxdolw|1 Wkh vdph lv wuxh ri plqrulw| 5/ wkrxjk wkh hhfw
lv ohvv vljqlfdqw173 Wkhvh uhvxowv duh vxjjhvwlyh ri wkh wkhvlv wkdw/ devhqw srolwlfdo
uhvhuydwlrq/ wkhvh wzr plqrulwlhv zrxog kdyh ehhq srolwlfdoo| xqghu0uhsuhvhqwhg iru
wzr uhdvrqv1 Iluvw/ ehfdxvh wkh| frqvwlwxwh d srsxodwlrq plqrulw|1 Vhfrqg/ ehfdxvh
ri wkh uhodwlyho| kljk sryhuw| udwhv lq wkhvh jurxsv +wkh exgjhw frqvwudlqw hhfw,1
Wkh gdwd dqdo|vlv irfxvvhv rq dqdo|vlqj wkh lq xhqfh ri plqrulw| uhsuhvhqwdwlrq
rq dq duud| ri vwdwh ohyho sxeolf srolf|1 Wklv surylghv d gluhfw whvw ri wkh uhodwlrqvkls
ehwzhhq ohjlvodwru lghqwlw| dqg srolf| rxwfrphv +diwhu frqwuroolqj iru yrwhu hhfwv,174
Wkh dqdo|vlv/ L glvwlqjxlvkhv ehwzhhq srolflhv rq wkh edvlv ri zkr wkh lqwhqghg ehqh0
6<Wkuhh vwdwhv frqwdlq qhduo| kdoi ri wkh plqrulw| 5 srsxodwlrq= Pdgk|d Sudghvk/ Rulvvd/ dqg
Elkdu1 Lq frqwudvw Sxqmde/ Kdu|dqd/ M)N dqg XS xqwlo 4<:7 kdyh qr mxulvglfwlrqv uhvhuyhg ir
uplqrulw| 51
73Wkh srlqw hvwlpdwhv duh 3175 iru plqrulw| 4 +zlwk d w0vwdwlvwlf ri 815, dqg 3149 iru plqrulw| 5
+zlwk d w0vwdwlvwlf ri 41:9,1
74Wklv fdq eh vhhq dv d zhdn whvw ri wkh srolf| frpplwphqw prgho1 Li wkhuh lv ixoo srolf| frpplw0
phqw wkhq srolf| yduldwlrq vkrxog eh uhodwhg wr yduldwlrq lq ghprjudsklf frpsrvlwlrq1
4:
fldulhv duh1 Srolflhv wkdw gr qrw xvh jurxs lghqwlw| wr glvfulplqdwh ehwzhhq uhflslhqwv
duh whuphg jhqhudo srolflhv1 Srolflhv wkdw dlp wr wudqvihu uhvrxufhv rqo| wr plqru0
lw| phpehuv duh whuphg wdujhwhg751 Wklv fkdudfwhul}dwlrq dssolhv erwk wr wkh sxeolf
qdqfh dqg dvvhw uhglvwulexwlrq yduldeohv frqvlghuhg1
Wkh jhqhudo sxeolf qdqfh yduldeohv frqvlghuhg duh wrwdo vwdwh h{shqglwxuh shu
fdslwd dqg wkh vkduh jrlqj wr hgxfdwlrq1 Urxjko| 54 shufhqw ri dq dyhudjh Lqgldq
vwdwh*v exgjhwdu| h{shqglwxuh lv doorfdwhg wr hgxfdwlrq176 Wkh ghwhuplqdqwv ri wkhvh
jhqhudo srolflhv duh frqwudvwhg zlwk wkrvh ri wzr wdujhwhg srolflhv= wkh vkduh ri vwdwh
h{shqglwxuh jrlqj wr cplqrulw| 4 zhoiduh* dqg cplqrulw| 5 zhoiduh*1 Rq dyhudjh/
ehwzhhq wkuhh wr irxu shufhqw ri dq dyhudjh Lqgldq vwdwh*v h{shqglwxuh lv doorfdwhg
wr wkhvh wzr fdwhjrulhv1 Gxh wr gdwd qrq0dydlodelolw|/ wkh sxeolf qdqfh uhjuhvvlrqv
duh iru wkh vkruwhu wlph shulrg 4<:704<<51 Lq fdvh ri plqrulw| 4 zhoiduh/ wkh dydlodeoh
gdwd vhulhv lv iru dq hyhq vkruwhu shulrg +4<;30<5,177
Wzr dvvhw uhglvwulexwlrq srolflhv duh dovr h{dplqhg1 Wkh jhqhudo srolf| dqdo|}hg
lv d fxpxodwlyh odqg uhirup lqgh{781 Wkh wdujhwhg srolf| dqdo|}hg lv wrwdo vwdwh
ohyho mre txrwdv iru plqrulw| 4 dqg 51 Wkh yduldeoh frqvlghuhg lq wkh dqdo|vlv lv wkh
ghwhuplqdqwv ri wrwdo uhvhuyhg mrev +l1h1 plqrulw| 4 mrev . plqrulw| 5 mrev,179 Wkh
Lqgldq frqvwlwxwlrq surylghv iru mre txrwdv iru wkh wzr plqrulw| jurxsv lq jryhuqphqw
vhuylfhv1Wkh suhflvh h{whqw ri mre txrwdv lq dq| vwdwh jryhuqphqw vhuylfh lv xqghu wkh
vwdwh jryhuqphqw*v mxulvglfwlrq 7:1 Wkh uhjuhvvlrqv wkdw frqvlghu dvvhw uhglvwulexwlrq
srolflhv vsdq wkh wlph shulrg 4<8:04<<51 Ixuwkhu ghwdlov ri yduldeohv wkdw hqwhu wkh
dqdo|vlv duh lq wkh gdwd dsshqgl{1
814 Hpslulfdo Prgho
Hpslulfdoo|/ L zlvk wr hvwlpdwh wkh lpsdfw ri yduldwlrqv lq wkh h{whqw ri plqrulw|
uhsuhvhqwdwlrq rq vwdwh ohyho srolf| rxwfrphv/ zkloh frqwuroolqj iru wkh vwdwh*v gh0
prjudsklf frpsrvlwlrq1 Vxfk dq hvwlpdwlrq surfhgxuh vhuyhv wzr sxusrvhv1 Iluvw/
lw doorzv xv wr h{dplqh zkhwkhu ohjlvodwru lghqwlw| pdwwhuv1 Vhfrqg/ lqfoxglqj dggl0
wlrqdo gdwd rq vwdwh ghprjudsklf frpsrvlwlrq doorzv d +zhdn, whvw ri wkh frpshwlqj
prghov ri srolwlfdo hfrqrp|1 Vshflfdoo|/ zlwk ixoo srolf| frpplwphqw +dqg frqwuro0
olqj iru wkh ghprjudsklf frpsrvlwlrq, zh vkrxog qrw h{shfw yduldwlrqv lq plqrulw|
uhsuhvhqwdwlrq wr dhfw srolf| rxwfrphv1 Krzhyhu/ zlwk lqfrpsohwh srolf| frpplw0
phqw/ zh h{shfw yduldwlrqv lq wkh h{whqw ri srolwlfdo uhsuhvhqwdwlrq wr dhfw srolf|
75Wkh Lqgldq frqvwlwxwlrq h{solflwo| surylghv iru cjurxs* lghqwlfdwlrq iru sxusrvhv ri sxeolf srolf|
pdnlqj1
76H{shqglwxuh rq hgxfdwlrq +wkh jhqhudo srolf| frqvlghuhg, irupv urxjko| kdoi ri wkh jryhuqphqw
h{shqglwxuh rq vrfldo vhuylfhv dqg lqfoxghv vwdwh h{shqglwxuh rq hohphqwdu|/ vhfrqgdu|/ xqlyhuvlw|
dqg kljkhu/ whfkqlfdo dqg dgxow hgxfdwlrq1
77Vlqfh/ wkh gdwd shulrg fryhuhg e| uhjuhvvlrqv ydu|/ L dozd|v fkhfn wkdw wkh uhvxowv duh qrw
vhqvlwlyh wr wkh wlph0shulrg frqvlghuhg1
78Wklv yduldeoh zdv frqvwuxfwhg e| Ehvoh| dqg Exujhvv1 Lw lv d frxqw gdwd vhulhv wkdw fxpxodwhv
wkh odqg uhirup dfwv sdvvhg e| d vwdwh1 Iru ghwdlov/ vhh Ehvoh| dqg Exujhvv +4<<;,1
79Wkh uhdvrq iru wklv lv wkdw vrph vwdwhv kdyh ohjlvodwhg rq mre txrwdv iru wkhvh wzr jurxsv mrlqwo|
7:D qxpehu ri dxwkruv kdyh glvfxvvhg wkh kljk ohyhov ri srolwlfdo dfwlylvp dvvrfldwhg zlwk wkh
ghwhuplqdwlrq ri mre txrwdv1 Vhh iru h{dpsoh/ Qdud|dqd +4<;3, dv zhoo dv ydulrxv uhsruwv ri wkh
Frpplvvlrqhu iru Vfkhgxohg Fdvwhv dqg Vfkhgxohg Wulehv1
4;
rxwfrphv1 Lq sduwlfxodu/ rxu wkhru| suhglfwv wkdw lqfuhdvhg plqrulw| uhsuhvhqwdwlrq
vkrxog eh dvvrfldwhg zlwk lqfuhdvhg wdujhwhg uhglvwulexwlrq1 Lq frqwudvw/ qrq0wdujhwhg
uhglvwulexwlrq vkrxog hlwkhu idoo ru eh odujho| xqdhfwhg1
Wkhuhiruh/ lq wkh uhsruwhg uhjuhvvlrqv L lqfoxgh plqrulw| srsxodwlrq vkduhv lq d
vwdwh +| dqg wkh sursruwlrq ri vhdwv uhvhuyhg iru wkh plqrulw| lq wkh vwdwh ohjlvodwxuh
+-| dv h{sodqdwru| yduldeohv1 L vwduw e| xvlqj wkh Lqgldq vwdwh ohyho sdqho gdwd vhw
wr hvwlpdwh olqhdu htxdwlrqv ri wkh irup=
| ’ k n q| n -| n 2| n (| n 0| +5,
zkhuh | lv vrph vwdwh ohyho sxeolf srolf| rxwfrph lq vwdwh  dw wlph |c -| lv d yhfwru
zkrvh wzr hohphqwv fkdudfwhul}h wkh sursruwlrq ri vhdwv uhvhuyhg iru wkh wzr plqrulw|
jurxsv1 Wkh yhfwru | ghqrwhv plqrulw| vwdwh srsxodwlrq vkduhv1 (| lv dq hohfwrudo
gxpp| zklfk wdnhv d ydoxh ri rqh lq wkh hohfwlrq |hdu/ dqg }hur rwkhuzlvh1
Wkh frqvwlwxwlrqdoo| vshflhg edvlv iru vwdwh ohyho uhvhuydwlrq lv srsxodwlrq1 Wkhuh0
iruh/ wklv hvwlpdwlrq vwudwhj| lv dssursuldwh li fkdqjhv lq d jurxs*v srsxodwlrq vkduh
duh xqfruuhodwhg zlwk frqwhpsrudqhrxv fkdqjhv lq srolf| rxwfrphv +dq lvvxh wr zklfk
L uhwxuq odwhu,1 Dv fkdqjhv lq wkh h{whqw ri uhvhuydwlrq fdq rqo| rffxu dw wkh srlqw ri
hohfwlrq/ lw lv lpsruwdqw wr hqvxuh wkdw srolf| yduldwlrq dwwulexwhg wr fkdqjhv lq wkh
h{whqw ri uhvhuydwlrq lv qrw vlpso| sur{|lqj wkh hohfwrudo f|foh1 Khqfh/ L lqfoxgh dq
hohfwrudo gxpp| yduldeoh(|1 k lv d vwdwh vshflf {hg hhfw dqg q| lv d |hdu gxpp|
yduldeoh1 Vwdwh {hg hhfwv7; frqwuro iru wlph lqyduldqw glhuhqfhv dfurvv vwdwhv zklfk
pd| lq xhqfh srolflhv1 Wkhvh lqfoxgh/ dprqj rwkhuv/ shupdqhqw glhuhqfhv lq vwdwh
hfrqrplf vwuxfwxuhv1 \hdu hhfwv wdnh dffrxqw ri dq| lpsdfw ri wlph uhodwhg pdfur
vkrfnv wr wkh hfrqrp| dv d zkroh rq srolf| rxwfrphv1 H{dpsohv lqfoxgh srolwlfdo
vkrfnv +h1j1 ghfodudwlrq ri wkh qdwlrqzlgh chphujhqf|* lq 4<::,/ folpdwlf vkrfnv +h1j1
gurxjkwv, dqg zduv1
Wkh pdlq frh!flhqwv ri lqwhuhvw duh  dqg 21 Li  lv lqvljqlfdqw wkhq yduldwlrqv
lq h{whqw ri plqrulw| uhsuhvhqwdwlrq kdyh qr lqghshqghqw srolf| hhfw1 Wkh frh!0
flhqw 2 fdswxuhv wkh yrwhu jurxs vl}h hhfwv1 Wkhru| vxjjhvwv wkdw wklv yduldeoh*v
vljqlfdqfh vkrxog glhu dfurvv jhqhudo dqg wdujhwhg srolflhv1 Lq wkh iruphu fdvh/ 2
fdswxuhv plqrulw| jurxsv gluhfw cyrwhu lq xhqfh*1 Lq wkh odwwhu fdvh/ lw kdv dq dggl0
wlrqdo lqgluhfw hhfw1 Dv lqfuhdvhv lq d plqrulw|*v srsxodwlrq vkduh pdnh surylvlrq ri
wkh vdph ohyho ri shu khdg wdujhwhg wudqvihuv d pruh h{shqvlyh sursrvlwlrq/ wklv zrxog
whqg wr qhjdwlyho| dhfw qrq0plqrulw| flwl}hqv* suhihuuhg ohyhov ri wdujhwhg wudqvihuv1
Wkh uhvw ri wklv vhfwlrq surfhhgv dv iroorzv1 L uvw uhsruw wkh edvlf uhvxowv zkhuh
srolf| rxwfrphv duh frqglwlrqhg rq wkh sursruwlrq ri vhdwv uhvhuyhg iru wkh wzr pl0
qrulw| jurxsv dqg wkhlu srsxodwlrq vkduhv1 L/ wkhq/ surylgh d vhulhv ri urexvwqhvv
fkhfnv dqg h{whqvlrqv1 Wkhvh lqfoxgh d glvfxvvlrq ri h{rjhqhlw| dqg lghqwlfdwlrq
frqfhuqv/ dq dqdo|vlv ri wkh uhodwlyh lpsruwdqfh ri ohjlvodwru sduw| dqg jurxs lghqwlw|
lq lq xhqflqj srolf| dqg dq h{dplqdwlrq ri krz uhjlrqdo +Qruwk0Vrxwk, glhuhqfhv
lq xhqfh wkh uhodwlrqvkls wkdw ohjlvodwru lghqwlw| ehduv wr srolf| rxwfrphv1
7;Wkh lqfoxvlrq ri vwdwh ohyho {hg hhfwv lpsolhv wkdw wkh lpsdfw ri srolwlfdo uhvhuydwlrq dqg
ghprjudsklf dqg hfrqrplf yduldeohv rq srolf| rxwfrphv lv lghqwlhg iurp ghyldwlrqv iurp vwdwh
phdqv ryhu wklv shulrg1
4<
815 Edvlf Uhvxowv
Wdeoh 9 uhsruwv wkh uhjuhvvlrq uhvxowv iru wkh edvlf vshflfdwlrq1 Froxpqv +4,0+6, dqd0
o|}h jhqhudo srolflhv/ zkloh froxpqv +7,0+9, frqvlghu wdujhwhg srolflhv1 Doo uhjuhvvlrqv
duh hvwlpdwhg e| ROV/ h{fhsw wkh odqg uhirup lqgh{1 Dv odqg uhirup gdwd lv frxqw
gdwd/ Srlvvrq uhjuhvvlrqv duh uhsruwhg iru wklv fdvh1
Wkh sulqflsdo hpslulfdo qglqj lv wkdw yduldwlrqv lq wkh sursruwlrq ri plqrulw|
ohjlvodwruv +dv phdvxuhg e| wkh sursruwlrq ri vhdwv uhvhuyhg iru wkhp, duh qrw dvvr0
fldwhg zlwk dq| vljqlfdqw fkdqjhv rq jhqhudo srolf| rxwfrphv1 Lq pdunhg frqwudvw/
wdujhwhg srolflhv uhvsrqg vljqlfdqwo| wr fkdqjhv lq wkh h{whqw ri plqrulw| uhsuh0
vhqwdwlrq1 Plqrulw| 5 ohjlvodwruv kdyh d srvlwlyh dqg vljqlfdqw hhfw rq erwk wkh
shufhqwdjh ri wrwdo vwdwh h{shqglwxuh jrlqj wr plqrulw| 5 zhoiduh +froxpq +8,,/ dqg
rq mre txrwdv1 Vlploduo|/ mre txrwdv uhvsrqgv srvlwlyho| wr wkh h{whqw ri srolwlfdo
uhvhuydwlrq drughg wr plqrulw| 41 Wkh rqo| wdujhwhg srolf| xqdhfwhg e| srolwlfdo
uhvhuydwlrq lv plqrulw| 4*v zhoiduh h{shqglwxuh17<
Wkh uhvxowv vwurqjo| vxssruw wkh wkhvlv wkdw lqfuhdvhg plqrulw| uhsuhvhqwdwlrq kdv
dhfwhg vwdwh ohyho srolf| pdnlqj lq Lqgld pdlqo|/ e| udlvlqj wkh ohyhov ri wdujhwhg
wudqvihuv1 Dq dqdo|vlv ri wkh srlqw hvwlpdwhv vxjjhvwv wkdw wkh hhfw lv qrq0wulyldo1
Iru lqvwdqfh/ d rqh shufhqwdjh srlqw lqfuhdvh lq wkh sursruwlrq ri vhdwv uhvhuyhg iru
plqrulw| 5 udlvhv wkh plqrulw| 5*v zhoiduh h{shqglwxuh vkduh e| 31< shufhqwdjh srlqwv1
Edfn ri wkh hqyhorsh fdofxodwlrqv vxjjhvw wkdw wkh lpsolhg hodvwlflw| lv ryhu rqh1
Wxuqlqj wr wkh uhodwlrqvkls ehwzhhq d plqrulw| jurxs*v srsxodwlrq vkduh dqg sro0
lf| rxwfrphv/ wkh hylghqfh lv pl{hg1 Jhqhudo srolflhv vxfk dv hgxfdwlrq h{shqglwxuh
vkduh dqg odqg uhirupv hqdfwhg duh srvlwlyho| lq xhqfhg e| plqrulw| 4*v srsxodwlrq
vkduh1 D rqh shufhqwdjh srlqw lqfuhdvh lq plqrulw| 4*v srsxodwlrq vkduh udlvhv hgx0
fdwlrq vshqglqj e| 31; shufhqwdjh srlqwv1 Rqh lqwhusuhwdwlrq lv wkdw wkh ghpdqg iru
hgxfdwlrq dqg odqg uhirup lv kljk dprqj phpehuv ri wklv jurxs1 Wklv lv d uhdvrqdeoh
lqwhusuhwdwlrq dv erwk loolwhudf| dqg odqgohvvqhvv duh suhydohqw dprqjvw phpehuv ri
plqrulw| 41 Lq frqwudvw/ plqrulw| 5*v srsxodwlrq vkduh kdv d vljqlfdqw qhjdwlyh lq0
 xhqfh rq erwk srolflhv1 Wklv qglqj/ zkloh vxusulvlqj dw uvw/ lv frqvlvwhqw zlwk wkh
yhu| orz ohyhov ri srolwlfdo dfwlylvp dprqjvw plqrulw| 5 phpehuv +Jdodqwhu 4<;7,1
D vlplodu sdwwhuq h{lvwv iru wdujhwhg wudqvihuv1 Lq jhqhudo/ lqfuhdvhv lq plqrulw|
4*v srsxodwlrq vkduh udlvhv mre txrwdv dqg uhgxfhv h{shqglwxuh rq plqrulw| 5 zhoiduh
vshqglqj1 Plqrulw| 5*v srsxodwlrq vkduh h{huwv d qhjdwlyh exw lqvljqlfdqw lq xhqfh
rq srolf| rxwfrphv1
Wr dgguhvv wkh frqfhuq wkdw srolwlfdo uhvhuydwlrq yduldeohv pd| vlpso| eh sur{|lqj
iru rplwwhg wlph ydu|lqj vwdwh vshflf yduldeohv wdeoh : uhsruwv uhvxowv wkdw lqfoxgh
dgglwlrqdo frqwurov1 Wzr phdvxuhv ri wkh vwdwh exgjhw frqvwudlqw duh lqfoxghg shu
fdslwd vwdwh lqfrph dqg shu fdslwd ihghudo judqwv1 Fkdqjhv lq wkh exgjhw frqvwudlqw
pd| eh h{shfwhg wr lq xhqfh wkh vkduhv ri h{shqglwxuh jrlqj wr glhuhqw fdwhjrulhv1
L dovr lqfoxgh dq dgglwlrqdo frqwuro iru yrwhu suhihuhqfh wkh Jlql frh!flhqw1 Wkhvh
frqwurov duh odjjhg dv xqrevhuyhg vkrfnv wr vxfk yduldeohv pd| eh fruuhodwhg zlwk
7<Lw lv zruwk qrwlqj wkdw wkh gdwd dydlodeoh iru wklv vhulhv lv pxfk pruh uhvwulfwhg1 Uhvxowv uhsruwhg
odwhu lq wkh sdshu dovr vxjjhvw wkdw wklv lqvljqlfdqfh lv sduwo| gulyhq e| wkh qhwwlqj rxw ri rssrvlqj
sduw| dqg uhjlrqdo hhfwv1
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frqwhpsrudqhrxv vkrfnv wr srolf| rxwfrphv1 Dv gdwd dydlodelolw| iru vrph ri wkhvh
vhulhv lv uhvwulfwhg/ wkh qxpehu ri revhuydwlrqv shu uhjuhvvlrq glhu iurp wdeoh 91
Wkh pdlq glhuhqfh lv wkdw wkh lq xhqfh ri plqrulw| 5 ohjlvodwruv rq mre txrwdv
lv qrw urexvw wr wkh lqfoxvlrq ri dgglwlrqdo yduldeohv1 Gdwd dqdo|vlv vkrzv wkdw wklv
lv pdlqo| gulyhq e| wkh vwdwh lqfrph yduldeoh1 Doo rwkhu uhvxowv duh urexvw wr wklv
vshflfdwlrq1 Plqrulw| ohjlvodwruv frqwlqxh wr srvlwlyho| lq xhqfh wkh ohyhov ri rzq
jurxs wdujhwhg wudqvihuv1 Shu fdslwd vwdwh lqfrph/ zkloh srvlwlyho| fruuhodwhg zlwk
wrwdo shu fdslwd h{shqglwxuh/ kdv qr vljqlfdqw hhfw rq wkh vhfwrudo glvwulexwlrq ri
jhqhudo h{shqglwxuh vkduhv/ dqg d qhjdwlyh hhfw rq wdujhwhg h{shqglwxuhv183 Wkh
vdph lv wuxh ri wkh vwdwh ohyho lqfrph lqhtxdolw| yduldeoh1
816 Ixuwkhu Uhvxowv
H{rjhqhlw| dqg Lghqwlfdwlrq
Wkh Lqgldq frqvwlwxwlrq vwdwhv wkdw wkh sursruwlrq ri mxulvglfwlrqv uhvhuyhg iru d
plqrulw| jurxs vkrxog uh hfw lwv srsxodwlrq vkduh1 Ixuwkhu/ wkh h{whqw ri uhvhuydwlrq
vkrxog eh uhdgmxvwhg diwhu hyhu| ghfhqqldo fhqvxv1 Wlph odjv lq wkh srsxodwlrq edvhg
uhdgmxvwphqw ri uhvhuydwlrq lpsolhv wkdw wkh srsxodwlrq0uhvhuydwlrq uhodwlrqvkls fdq
eh fdswxuhg e| dq htxdwlrq ri wkh irup=
-| ’ |3? n D|
Li fkdqjhv lq jurxs srsxodwlrq vkduhv duh qrw fruuhodwhg zlwk fkdqjhv lq wkh srolf|0
pdnlqj surfhvv wkhq wkh h{whqw ri uhvhuydwlrq pd| eh frqvlghuhg h{rjhqrxv wr wkh
srolf|0pdnlqj surfhvv1
Olqjxlvwlf dqg fxowxudo glhuhqfhv dfurvv Lqgldq vwdwhv kdyh phdqw wkdw lqwhuvwdwh
pljudwlrq udwhv duh yhu| orz +wkh| frqvwlwxwhg urxjko| 8( ri dq dyhudjh vwdwh*v wrwdo
pljudwlrq lq 4<<4  vhh Fdvvhq dqg Vdkd| 4<<9,1 Qhw lqwhuvwdwh pljudwlrq udwhv/ rq
dyhudjh/ dffrxqw iru ohvv wkdq 4( ri wkh srsxodwlrq jurzwk udwh1 Ixuwkhu/ fhqvxv
gdwd vxjjhvw wkdw qr vljqlfdqw furvv jurxs pljudwlrq glhuhqfhv h{lvw/ dqg wkdw wkh
pdlq fdxvh iru fkdqjhv lq jurxs srsxodwlrq vkduhv lv glhuhqwldov lq eluwk dqg ghdwk
udwhv1 Wkhuhiruh/ dv orqj dv wkhvh ihuwlolw| fkdqjhv duh qrw gulyhq e| frqwhpsrudqhrxv
fkdqjhv lq vwdwh ohyho srolf| yduldeohv vwdwh ohyho srsxodwlrq fkdqjhv lq Lqgld duh
uhodwlyho| h{rjhqrxv wr wkh srolf|0pdnlqj surfhvv1
L/ qrz/ wxuq wr wkh lvvxh ri lghqwlfdwlrq1 P| lghqwlfdwlrq vwudwhj| lv edvhg
rq wkh idfw wkdw zkloh plqrulw| srsxodwlrq vkduhv ydu| dqqxdoo|/ dgmxvwphqwv lq wkh
sursruwlrq ri vhdwv uhvhuyhg iru d jurxs rffxu zlwk d wlph odj1 Wklv lv iru wzr uhdvrqv1
Wkh sursruwlrq ri vhdwv uhvhuyhg iru d jurxs fdq rqo| eh dgmxvwhg dw wkh srlqw ri
hohfwlrq1 Ixuwkhu/ wkh Lqgldq frqvwlwxwlrq vwdwhv wkdw wkh edvlv iru vxfk uhdgmxvwphqwv
83Wklv qglqj vtxduhv zlwk wkh frqyhqwlrqdo zlvgrp wkdw wkh jurzwk lq sxeolf h{shqglwxuh dfurvv
Lqgldq vwdwhv lv sulpdulo| gxh wr lqfuhdvhg h{shqglwxuh rq qrq0ghyhorsphqwdo lwhpv/ vxfk dv zdjhv
dqg lqwhuhvw sd|phqwv +Udr dqg Vhq 4<<8,1 Rqh pd| dovr frqmhfwxuh wkdw wkhvh qglqjv duh frqvlv0
whqw zlwk wkh wkhvlv wkdw vwdwh ohyho srolf|0pdnlqj lq Lqgld kdv qrw kdg d sulpdulo| ghyhorsphqwdo
edvlv 0 iru lq wkdw fdvh zh zrxog kdyh h{shfwhg d vwdwh*v ohyho ri ghyhorsphqw +dv phdvxuhg e|
vwdwh lqfrph ru pruh jhqhudoo| e| wkh jlql frh!flhqw, dqg wkh vhfwrudo glvwulexwlrq ri jryhuqphqw
h{shqglwxuh wr eh lqyhuvho| uhodwhg1
54
pxvw eh wkh ghfhqqldo fhqvxv1 84*85 Erwk wkhvh idfwv lpso| orz fruuhodwlrq ehwzhhq
frqwhpsrudqhrxv fkdqjhv lq wkh srsxodwlrq dqg uhvhuydwlrq vhulhv +dv zh duh uxqqlqj
sdqho uhjuhvvlrqv wkh uhohydqw fruuhodwlrqv duh fruuhodwlrqv ri ghyldwlrqv iurp wkh phdq
iru wkh wzr vhulhv,1 Wkhvh fruuhodwlrqv duh 3155 dqg 314; iru plqrulw| 4 dqg plqrulw|
5 uhvshfwlyho| +wdeoh 51;d,1
Wdeoh ;e surylghv d uhjuhvvlrq dqdo|vlv ri wkh vdph1 Froxpqv +4, dqg +6, h{dplqh
wkh udz fruuhodwlrq ehwzhhq d plqrulw| jurxs*v srsxodwlrq vkduh dqg wkh sursruwlrq
ri mxulvglfwlrqv uhvhuyhg iru lw1 Wkh fruuhodwlrq lv srvlwlyh dqg kljk/ frquplqj wkdw
srsxodwlrq vkduhv duh wkh sulpdu| edvlv iru uhvhuydwlrq1 Froxpqv +5, dqg +7, h{dplqh
wkh uroh ri wkh hohfwlrq gxpp| dqg wlph dqg vwdwh hhfwv lq phgldwlqj wklv uhodwlrq1
Wkh glhuhqfh lv gudpdwlf1 Wkh uhodwlrqvkls ehwzhhq srsxodwlrq dqg uhvhuydwlrq vh0
ulhv uhpdlqv srvlwlyh dqg vljqlfdqw/ exw erwk wkh srlqw hvwlpdwh dqg wkh w0vwdwlvwlf
idoo1 Zklovw wklv vxjjhvwv wkdw pryhphqwv lq wkhvh wzr vhulhv lv qrw lghqwlfdo/ pxowl0
froolqhdulw| uhpdlqv d srwhqwldo zruu| 0 hvshfldoo| lq fdvh ri plqrulw| 51 Wkhuhiruh/ L
uh0udq wkh uhsruwhg uhjuhvvlrqv zlwk hlwkhu rqo| wkh srsxodwlrq vhulhv ru wkh uhvhuyd0
wlrq vhulhv hqwhulqj wkh uhjuhvvlrq861 Wkhuh zhuh qr pdmru vzlqjv lq sdudphwhu ydoxhv
ru vljq fkdqjhv lq frh!flhqw ydoxhv dfurvv uhjuhvvlrqv1
Dv d ixuwkhu fkhfn/ L frqvlghuhg wzr yduldqwv ri wkh edvlf uhjuhvvlrq1 Wkhvh uh0
juhvvlrqv xvhg dowhuqdwlyh phdvxuhv ri yrwhu vwuhqjwk1 Wkh uvw xwlol}hg lqirupdwlrq
derxw wkh hohfwrudo f|foh1 L hqwhuhg d zhljkwhg srsxodwlrq vkduh ri d jurxs dv wkh
srsxodwlrq yduldeoh/ zkhuh wkh zhljkw wrrn d ydoxh ri rqh lq dq hohfwlrq |hdu dqg ydo0
xhv ohvv wkdq rqh lq qrq0hohfwlrq |hduv871 Wkh lghqwli|lqj dvvxpswlrq xqghuo|lqj wklv
vshflfdwlrq lv wkdw dv flwl}hqv pdlqo| lq xhqfh srolf|0pdnlqj e| yrwlqj881 Wkhuh0
iruh wkhlu lq xhqfh lv vwurqjhvw lq hohfwlrq |hduv1 Wkh uhjuhvvlrq uhvxowv zhuh urexvw
wr wklv vshflfdwlrq1 Wkh vhfrqg fdvh xvhg fhqvxv djh glvwulexwlrq gdwd wr phdvxuh
yrwhu vwuhqjwk1 Vshflfdoo|/ rqo| srsxodwlrq vkduhv ri flwl}hqv ryhu wkh djh ri 4; zhuh
lqfoxghg1 Djdlq/ wkh uhvxowv zhuh urexvw wr wklv vshflfdwlrq1
D qdo frqfhuq lv wkdw wkh wuxh uhodwlrqvkls ehwzhhq srolf| rxwfrphv dqg srsx0
odwlrq vkduhv lv qrq0olqhdu/ dqg wkdw lw lv wklv hhfw zklfk lv ehlqj slfnhg xs e| wkh
uhvhuydwlrq vhulhv1 L/ wkhuhiruh/ udq d qxpehu ri uhjuhvvlrqv lq zklfk wkh srsxodwlrq
yduldeoh hqwhuhg qrq0olqhduo|1 Wkh uhvxowv zhuh qrw dhfwhg1
Sduw| Lghqwlw| yhuvxv Jurxs Lghqwlw|
Wkh wkhruhwlfdo dqdo|vlv dvvxphg orqj whup lqfrph edvhg lghrorjlfdo glhuhqfhv
ehwzhhq srolwlfdo sduwlhv1 Wkh dqdo|vlv vxjjhvwhg wkdw wkhvh glhuhqfhv vkrxog eh
uh hfwhg lq sduw| fdqglgdwh fkrlfh1 Li wklv lv fruuhfw/ wkhq fkdqjhv lq erwk d ohjlvodwru*v
84Riwhq zlwklq d vlqjoh fhqvxv +whq |hdu, shulrg wkh h{whqw ri uhvhuydwlrq lv fkdqjhg wzlfh1 Rqfh
rq wkh edvlv ri wkh surylvlrqdo fhqvxv jxuhv dqg rqfh rq wkh edvlv ri qdo srsxodwlrq jxuhv1
85Wkh frqvwlwxwlrqdo uhtxluhphqwv lpso| wkdw wkh hohfwlrq frpplvvlrq qhyhu xvhv surmhfwhg srs0
xodwlrq dv wkh edvlv ri uhvhuydwlrq1
86Wkhvh uhvxowv duh dydlodeoh iurp wkh dxwkru
87Plqrulw| srsxodwlrq vkduh zhuh zhljkwhg lq qrq hohfwlrq |hduv e| d zhljkw { zkhuh { @
4
qr1 ri |hduv wr hohfwlrq
1
88Wkhuh frxog eh wkh dowhuqdwlyh wkhvlv wkdw yrwhuv oree|1 Lq wkdw fdvh wkh lghqwlfdwlrq vwudwhj|
zrxog eh lqydolg1 Krzhyhu txdolwdwlyh hylghqfh vxjjhvwv wkdw wkhuh kdyh ehhq yhu| ihz vxffhvvixo
plqrulw| srolwlfdo oree| jurxsv1
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jurxs dqg sduw| lghqwlw| vkrxog eh fruuhodwhg zlwk fkdqjhv lq srolf| rxwfrphv1 Wkh
prgho dovr suhglfwhg wkdw yduldwlrqv lq wkh h{whqw ri srolwlfdo uhvhuydwlrq pd| dhfw
hohfwrudo rxwfrphv1 Wklv vhfwlrq h{dplqhv wkh hpslulfdo ydolglw| ri wkhvh wkhruhwlfdo
suhglfwlrqv uhjduglqj wkh uroh ri srolwlfdo sduwlhv lq phgldwlqj wkh uhodwlrqvkls ehwzhhq
ohjlvodwru lghqwlw| dqg srolf| rxwfrphv1
Wkh hpslulfdo dqdo|vlv uhvwulfwv dwwhqwlrq wr wzr Lqgldq srolwlfdo sduw| jurxslqjv
0 wkh Frqjuhvv sduw| dqg d Ohiw sduw| jurxslqj891 Wkh odwwhu lqfoxghv pdmru qdwlrqdo
ohiw zlqj sduwlhv dqg Mdqwd sduwlhv1 Lq jhqhudo vxfk d jurxslqj pd| revfxuh lpsru0
wdqw lqwhu0sduw| glhuhqfhv1 Krzhyhu/ lq wklv fdvh ixuwkhu vxeglylvlrq ri hdfk sduw|
jurxslqj lqwr lwv frqvwlwxhqw sduwlhv ohdyhv uhvxowv xqdhfwhg1
Wkh hpslulfdo dqdo|vlv lv lq wzr sduwv1 Wdeoh < h{dplqhv wkh uhodwlrqvkls ehwzhhq
d sduw|*v hohfwrudo shuirupdqfh/ plqrulw| srsxodwlrq vkduhv dqg wkh h{whqw ri srolw0
lfdo uhvhuydwlrq1 Sduw| lghrorjlfdo glhuhqfhv/ li suhvhqw/ vkrxog dhfw wkh hohfwrudo
vxssruw wkdw sduwlhv frppdqg iurp glhuhqw srsxodwlrq jurxsv1 Wkh uhvxowv vxs0
sruw wklv wkhvlv1 Plqrulw| 4*v srsxodwlrq vkduh lv srvlwlyho| fruuhodwhg zlwk wkh ohiw
sduw|*v vkduh ri vhdwv1 Jlyhq wkh uhodwlyh sryhuw| ri plqrulw| 4 phpehuv/ lw lv kdugo|
vxusulvlqj wkdw wkh| vxssruw wkh sduw| dvvrfldwhg zlwk juhdwhu uhglvwulexwlrq1 Lq
frqwudvw/ plqrulw| 5*v srsxodwlrq vkduh grhv qrw vljqlfdqwo| lq xhqfh hlwkhu sduw|*v
hohfwrudo shuirupdqfh1 Wklv lv suredeo| gxh wr wkh jurxs*v uhodwlyho| vpdoo vl}h/ dqg
wkh idfw wkdw phpehuv ri wklv jurxs kdyh uhpdlqhg lvrodwhg iurp wkh pdlqvwuhdp1
Wkh uhjuhvvlrq uhvxowv dovr vxjjhvw wkdw yduldwlrqv lq wkh h{whqw ri srolwlfdo uhvhuyd0
wlrq lq xhqfh sduw| shuirupdqfh1 Lqfuhdvhv lq wkh sursruwlrq ri vhdwv uhvhuyhg iru
plqrulw| 4 lpsuryh wkh ohiw sduw| jurxslqj*v hohfwrudo shuirupdqfh1
Wdeoh 43 uhsruw wkh uhvxowv ri uhjuhvvlrqv zkhuh zh hvwlpdwh wkh uhodwlrqvkls eh0
wzhhq ohjlvodwru sduw| dqg jurxs lghqwlw| dqg srolf| rxwfrphv1 Wkhvh uhjuhvvlrqv
lqfoxgh dv h{sodqdwru| yduldeohv erwk wkh wrwdo sursruwlrq ri vhdwv uhvhuyhg iru d
plqrulw| dqg wkh sursruwlrq ri uhvhuyhg vhdwv zrq e| hdfk ri wkh wzr sduw| jurxs0
lqjv1 Wkh pdlq hpslulfdo qglqjv vxssruw wkh wkhruhwlfdo suhglfwlrqv1 Zkloh wkh
wrwdo sursruwlrq ri vhdwv uhvhuyhg iru d jurxs uhpdlqv d vljqlfdqw ghwhuplqdqw ri
wdujhwhg srolf| rxwfrphv/ wkh uhvxowv vkrz wkdw plqrulw| ohjlvodwruv sduw| lghqwlw| lv
dovr lpsruwdqw1 Lq sduwlfxodu/ wkh suhvhqfh ri ohiw sduw| plqrulw| ohjlvodwruv srvlwlyho|
lqfuhdvh wkh h{whqw ri wdujhwhg wudqvihuv1 Wkh hylghqfh lq fdvh ri Frqjuhvv ohjlvodwruv
lv zhdnhu1 Ixuwkhu/ iru hyhu| wdujhwhg srolf| L dp deoh wr uhmhfw wkh k|srwkhvlv wkdw
ohjlvodwruv* ehorqjlqj wr wkh vdph sduw| exw glhuhqw jurxsv h{klelw vlplodu srolf|
ehkdylru1
Qruwk0Vrxwk Glhuhqfhv
Rxu prgho ri ohjlvodwru ehkdylru dvvxphg wkdw wkh pdujlqdo srolf| lq xhqfh ri dq
dgglwlrqdo plqrulw| ohjlvodwru lv frqvwdqw1 Wklv vhfwlrq h{dplqhv wkh ydolglw| ri wklv
dvvxpswlrq1
89Wkh sduwlhv frqwdlqhg lq wkh wkh srolwlfdo jurxslqjv duh= +l, Frqjuhvv sduw| +Lqgldq Qdwlrqdo
Frqjuhvv . Lqgldq Frqjuhvv Vrfldolvw . Lqgldq Qdwlrqdo Frqjuhvv Xuv . Lqgldq Qdwlrqdo Frqjuhvv
Rujdql}dwlrq, +ll, Qrq Frqjuhvv Sduwlhv= +d, Kdug Ohiw sduwlhv +Frppxqlvw Sduw| ri Lqgld. Frp0
pxqlvw Sduw| ri Lqgld Pdu{lvw, / +e, Vriw Ohiw sduwlhv +Sudmd Vrfldolvw Sduw| . Vrfldolvw Sduw|, dqg
+f,Mdqwd Sduwlhv +Mdqwd Sduw| . Mdqwd Gdo Sduw| . Orn Gdo Sduw|,
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Wkh uvw k|srwkhvlv h{dplqhg lv zkhwkhu wkh ohyho ri vrflhwdo suhmxglfh dhfwv
plqrulw| ohjlvodwruv* srolf| lq xhqfh1 Li d plqrulw| ohjlvodwru*v devroxwh srolf| lq x0
hqfh lv juhdwhu lq vwdwhv zkhuh plqrulwlhv idfh ohvv rssuhvvlrq/ wkhq zh vkrxog h{shfw
plqrulw| 4 ohjlvodwruv srolf| lq xhqfh wr eh kljkhu lq Vrxwk Lqgldq vwdwhv1 Wkh fdvwh
vwuxfwxuh lq Vrxwkhuq vwdwhv lv erwk ohvv klhudufklfdo dqg ohvv rssuhvvlyh1 Lq dggl0
wlrq/ wkhvh vwdwhv kdyh ehhq zlwqhvv wr orqj0olyhg vxffhvvixo dqwl0fdvwh pryhphqwv1
Wkh vhfrqg k|srwkhvlv h{dplqhg lv zkhwkhu plqrulw| ohjlvodwruv srolf| lq xhqfh lv
lqfuhdvlqj lq wkhlu qxphulfdo vwuhqjwk1 Li |hv/ wkhq plqrulw| 5 ohjlvodwruv lq Qruwkhuq
vwdwhv vkrxog h{klelw kljkhu srolf| dfwlylvp1 Wkh srsxodwlrq vkduh ri plqrulw| 5 lv
ehorz 8( lq doo Vrxwkhuq vwdwhv1
Wr h{dplqh wkhvh k|srwkhvhv L uxq uhjuhvvlrqv ri wkh irup=
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| lv d gxpp| zklfk wdnhv wkh ydoxh ri rqh iru Qruwk Lqgldq vwdwhv1 Wkh
frh!flhqw r lv d phdvxuh ri wkh lpsdfw ri srolwlfdo uhvhuydwlrq lq Vrxwkhuq vwdwhv
zkloh wkh frh!flhqw ri -|(

| lv lqirupdwlyh ri Qruwk Vrxwk gl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Wdeoh 44 suhvhqwv hvwlpdwhv ri htxdwlrq +6,1 Srolwlfdo uhvhuydwlrq frqwlqxhv wr
kdyh d odujho| lqvljqlfdqw hhfw rq jhqhudo srolf| rxwfrphv1 Dv ehiruh/ wkh suhvhqfh
ri plqrulw| ohjlvodwruv dhfwv srolf| rxwfrphv1 Wkhuh lv dovr hylghqfh ri uhjlrqdo
glhuhqfhv1 Plqrulw| 4*v zhoiduh h{shqglwxuh lv odujho| xqdhfwhg e| yduldwlrqv lq wkh
h{whqw ri srolwlfdo uhvhuydwlrq/ wkrxjk wkhuh lv zhdn hylghqfh ri rssrvlqj Qruwk0Vrxwk
hhfwv1 Lq fdvh ri plqrulw| 5 zhoiduh h{shqglwxuh/ zh qg wkdw wkh srvlwlyh lq xhqfh
ri plqrulw| 5 ohjlvodwruv lv gulyhq e| plqrulw| 5 ohjlvodwruv lq Qruwk Lqgldq vwdwhv1
Wklv qglqj vxssruwv wkh wkhvlv wkdw wkh qxphulfdo vwuhqjwk ri ohjlvodwruv pdwwhuv1
Lq fdvh ri mre txrwdv/ wkhuh lv hylghqfh ri vljqlfdqw Qruwk Vrxwk glhuhqwldov
iru erwk jurxsv1 Ixuwkhu/ wkh srvlwlyh uhodwlrqvkls ehwzhhq wkh srolwlfdo uhvhuydwlrq
dqg mre txrwdv dsshduv wr eh gulyhq e| srolwlfdo dfwlylvp e| plqrulw| ohjlvodwruv lq
Qruwkhuq vwdwhv1
Ryhudoo/ wkh hpslulfdo uhvxowv vxssruw wzr wkhvlv1 Iluvw/ wkdw plqrulw| uhsuhvhq0
wdwlrq dhfwv +vrph, srolf| rxwfrphv1 Vhfrqg/ wkh h{whqw wr zklfk plqrulw| uhsuh0
vhqwdwlrq dhfwv srolf| rxwfrphv ghshqgv rq idfwruv vxfk dv wkh sduw| lghqwlw| ri
ohjlvodwruv/wkh ryhudoo ohyho ri vrflhwdo glvfulplqdwlrq dqg wkh wrwdo qxphulfdo vwuhqjwk
ri plqrulwlhv lq wkh ohjlvodwxuh1
9 Frqfoxglqj Uhpdunv
Wklv sdshu pdnhv wzr pdlq frqwulexwlrqv1 Iluvw lw surylghv d wkhruhwlfdo iudph0
zrun iru wklqnlqj derxw wkh srolf| lq xhqfh ri hohfwrudo odzv wkdw lqfuhdvh plqrulw|
uhsuhvhqwdwlrq1 Vhfrqg/ lw xvhv dq Lqgldq vwdwh ohyho sdqho gdwd vhw wr h{dplqh wkh uh0
odwlrqvkls ehwzhhq plqrulw| uhsuhvhqwdwlrq lq vwdwh ohjlvodwxuhv dqg srolf| rxwfrphv1
Wkh hpslulfdo uhvxowv ghprqvwudwh wkdw lqfuhdvhg plqrulw| uhsuhvhqwdwlrq lq Lqgldq
vwdwh ohjlvodwxuhv kdyh udlvhg wkh ohyho ri wudqvihuv jrlqj wr wkhvh jurxsv1 Wkh qglqjv
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kdyh vljqlfdqw lpsolfdwlrqv iru srolflhv wkdw wu| wr fkdqjh rxwfrphv e| lqfuhdvlqj
srolwlfdo srzhu ri glvdgydqwdjhg jurxsv18:
Wkh wkhru| ghyhorshg lq wklv sdshu kdv wkuhh nh| ihdwxuhv1 Iluvw/ erwk d flwl}hq*v
lqfrph dqg hwkqlf lghqwlwlhv pd| irup wkh edvlv iru uhglvwulexwlrq1 Vhfrqg/ hohfwrudo
fdqglgdwhv fdqqrw frpplw wr srolf| dqqrxqfhphqwv1 Wklug/ wkh srolwlfdo surfhvv lv
fkdudfwhulvhg e| Soxudolw| uxoh lq hohfwlrqv dqg d Sduoldphqwdu| irup ri ohjlvodwxuh1
Wkh dqdo|vlv lghqwlhv uhdvrqv iru zk| wkhvh ihdwxuhv ri wkh prgho lpso| wkdw d
ohjlvodwru*v lghqwlw| lq xhqfhv qdo srolf| rxwfrphv1 Ixuwkhu/ wkh dqdo|vlv lghqwlhv
flufxpvwdqfhv xqghu zklfk wklv ohdgv wr sduwlhv qrw hoglqj plqrulw| fdqglgdwhv1 Lq
vxfk vlwxdwlrqv ri plqrulw| xqghu0uhsuhvhqwdwlrq/ lqwurgxfwlrq ri dq hohfwrudo odz ri
srolwlfdo uhvhuydwlrq zloo dowhu srolf| rxwfrphv/ sulpdulo| e| lqfuhdvlqj wkh ohyho ri
wdujhwhg wudqvihuv1
Wklv suhglfwlrq lv lq vkdus frqwudvw wr wkdw drughg e| srolwlfdo hfrqrp| prghov
zklfk dvvxph wkdw srolwlfldqv fdq frpplw wr srolflhv gxulqj hohfwlrqv8;1 Lq vxfk prg0
hov/ sduwlhv gluhfwo| frpplw wr srolflhv wkdw pd{lpl}h wkhlu h{shfwhg xwlolw|1 Sduw|
fdqglgdwhv duh uhqghuhg phuh yhklfohv ri sduw| srolf| dqg fdqglgdwh lghqwlw| lv luuho0
hydqw wr wkh fkrlfh ri qdo srolflhv1 Lqvwhdg/ wkh zlqqlqj sduw|8< gluhfwo| frpplwv wr
srolflhv idyruhg e| d pdmrulw| ri yrwhuv931 Wkhuhiruh/ wkh h{whqw ri plqrulw| csrolf|*
xqghu0uhsuhvhqwdwlrq rqo| ghshqgv rq wkh frpsrvlwlrq ri wkh hohfwrudwh1 Zklovw wkh
lqwurgxfwlrq ri dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq pd| lqfuhdvh wkh qxpehu ri
plqrulw| ohjlvodwruv/ lw zloo qrw lq xhqfh srolf| rxwfrphv1
Wr glvfulplqdwh ehwzhhq wkh suhglfwlrqv ri wkhvh wzr frpshwlqj prghov ri srolw0
lfdo hfrqrp| L ghyhors dq hpslulfdo whvw xvlqj Lqgldq gdwd1 P| sulqflsdo hpslulfdo
qglqj lv wkdw ohjlvodwru lghqwlw| kdv lq xhqfhg srolf| fkrlfhv dfurvv Lqgldq vwdwhv1
Wklv lq xhqfh kdv sulpdulo| wdnhq wkh irup ri lqfuhdvhg wdujhwhg wudqvihuv1 Wkhvh
uhvxowv surylgh vrph fuhghqfh wr wkh lghd wkdw srolwlfldqv duh xqdeoh wr frpplw wr
srolf| dqqrxqfhphqwv194 Pruh jhqhudoo|/ wkh hpslulfdo dqdo|vlv vwuhvvhv wkh lpsru0
wdqfh ri wdnlqj srolwlfdo hfrqrp| prghov wr gdwd1 Rqo| lq wklv zd| duh zh deoh wr
glvfulplqdwh ehwzhhq wkh suhglfwlrqv ri frpshwlqj prghov dv uhjdugv idfwruv vxfk dv
wkh srolf| vljqlfdqfh ri ohjlvodwru lghqwlw|/ dqg zkhwkhu srolwlfldqv fdq frpplw wr
srolf| dqqrxqfhphqwv1
Wklv sdshu*v qglqjv duh hqfrxudjlqj wr wkh lghd wkdw hohfwrudo gdwd lv dq lpsru0
wdqw uhvrxufh lq dqdo|}lqj wkh ghwhuplqdqwv ri srolflhv xqghuwdnhq e| jryhuqphqwv
ri ghyhorslqj frxqwulhv1 Wklv lv vljqlfdqw dv/ xqolnh pxfk rwkhu gdwd iurp wkhvh
frxqwulhv/ hohfwrudo gdwd lv xvxdoo| hdvlo| dydlodeoh dqg hdvlo| yhuldeoh1 Lq dgglwlrq/
8:Fohduo|/ ixuwkhu uhvhdufk lv qhhghg wr dqdo|}h ixoo| wkh zhoiduh lpsolfdwlrqv ri vxfk lqfuhdvhg
wdujhwhg wudqvihuv1
8;D vlplodu uhdvrqlqj dssolhv li zh lqvwhdg dvvxph wkdw fdqglgdwhv rqo| fduh derxw hohfwrudo
vxffhvv1
8<Wklv lv frqglwlrqdo rq wkhuh h{lvwlqj d sxuh vwudwhj| srolwlfdo htxloleulxp1
93Wkdw lv/ wkh srolf| wkdw frqvwlwxwhv d +vwulfw, Frqgrufhw zlqqhu1Lq pdq| hfrqrplf hqylurqphqwv/
wklv lv wkh phgldq yrwhu*v suhihuuhg srolf|1
94Wkh uhvxowv hfkr wkh qglqjv ri sdshuv wkdw whvw iru wkh phgldq yrwhu wkhruhp lq wkh XV +Ohylww
4<<9,1 Wkhvh sdshuv frqfoxvlyho| uhmhfw wkh phgldq yrwhu wkhruhp iru wkh XV dqg qg hylghqfh wkdw
vhqdwruv* vlpso| yrwh dffruglqj wr wkhlu lghrorj| zlwkrxw uhjdug iru wkh lqwhuhvwv ri wkh hohfwrudwh
ru sduw| lghrorj|1 Zh frqmhfwxuh wkdw wklv sdshu vkhgv vrph oljkw rq vhqdwru lghrorj|1 Vshflfdoo|/
lw dsshduv wkdw rqh hfrqrplfdoo| uhohydqw frpsrqhqw ri clghrorj|* lv d ohjlvodwru*v hwkqlf lghqwlw|1
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hohfwrudo gdwd h{klelwv vx!flhqw wlph vhulhv dqg furvv vhfwlrq yduldwlrq wr eh ri xvh lq
dqdo|}lqj lvvxhv ri hfrqrplf lqwhuhvw1 Srolwlfdo hfrqrp| frqfhuqv vwurqjo| frqvwudlq
zklfk w|shv ri srolflhv duh lpsohphqwdeoh lq ghyhorslqj frxqwulhv1 Wkhuhiruh/ jdlqlqj
d ehwwhu xqghuvwdqglqj ri wkh ghwhuplqdqwv ri wkh srolf| irupdwlrq surfhvv lv fulwlfdo
wr wkh irupdwlrq ri hhfwlyh srolf|1 Wklv w|sh ri dqdo|vlv/ zklfk uholhv rq d eohqg ri
wkhru| dqg hpslulfdo whvwlqj/ lv zhoo vxlwhg wr vxfk sxusrvh1 Ilqdoo|/ lw lv zruwk qrw0
lqj wkdw dqdo|vhv vxfk dv wklv dovr surylgh lpsruwdqw lqvljkwv uhjduglqj wkh rswlpdo
ghvljq ri srolwlfdo frqvwlwxwlrqv 0 dq lvvxh ri sduwlfxodu vljqlfdqfh iru wkrvh frxqwulhv
ru uhjlrqv zklfk duh hwkqlfdoo|/ fxowxudoo| ru uholjlrxvo| glyhuvh1
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Ehunhoh|
^6;‘ Srroh/ Nhlwk dqg Krzdug Urvhqwkdo +4<<:,/ Frqjuhvv= d srolwlfdo0hfrqrplf klv0
wru| ri uroo fdoo yrwlqj/ R{irug Xqlyhuvlw| Suhvv1
^6<‘ Srwhued/ Mdphv +4<<:, /cGhprjudsklf Vwuxfwxuh dqg wkh Srolwlfdo Hfrqrp| ri
Sxeolf Hgxfdwlrq*/ Mrxuqdo ri Srolf| Dqdo|vlv dqg Pdqdjhphqw/ Yro1 49/ Qr1 4/
7;0991
^73‘ Udr/ Jrylqgd P1 dqg Wdsdv Vhq +4<<6,/cJryhuqphqw H{shqglwxuh lq Lqgld=
Ohyho/ Jurzwk dqg Frpsrvlwlrq*/ Qdwlrqdo Lqvwlwxwh ri Sxeolf Ilqdqfh dqg Sro0
lf|1
: Dsshqgl{
:14 Pdwkhpdwlfdo Dsshqgl{
Wkh surriv xvh wkh qrwdwlrq LgS EZg wr ghqrwh d w|sh +c S flwl}hq*v xwlolw| zkhq
sduw| g hogv Zg sursruwlrq ri orz fdvwh fdqglgdwhv dqg lv wkh pdmrulw| sduw|1 Wkh
yrwlqj ghflvlrq ri d w|sh +c S flwl}hq lv ghqrwhg dv kS 5 ic-j ^ ifj
Surri ri Sursrvlwlrq 4
Ohw eR,  oonRRo3R 1 L ghprqvwudwh wkdw li R, : eR, wkhq lq wkh hqvxlqj srolwlfdo
htxloleulxp sduwlhv fkrrvh iZg ’ fjgMt-c ( flwl}hqv yrwh vlqfhuho| dqg sduw|  *v
fdqglgdwh zlqv lq hyhu| mxulvglfwlrq v1w1 4Efc f ’ 1 Wkh surri surfhhgv dv iroorzv1 L
uvw fkdudfwhul}h wkh srolwlfdo htxloleulxp zkhq iZg ’ fjgMt-c  L wkhq yhuli| wkdw
iZg ’ fjgMt-c irup d sdlu ri ehvw uhvsrqvhv1
Zlwk iZg ’ fjgMt-c sduw| U lv dvvrfldwhg zlwk wkh iroorzlqj srolflhv=
B-, Ef ’ f( A
- Ef ’ f ;Z- 5  +7,
5<
dqg sduw|  zlwk
B, Ef ’ f(A
 Ef ’
RRnoo

+8,
Lq yrwlqj/ flwl}hqv dqwlflsdwh wkhvh srolflhv dqg yrwh vlqfhuho|1 D w|sh Ec S flwl}hq
yrwhv iru wkh sduw| zkr*v qdo srolflhv pd{lpl}h khu xwlolw| LS1 Lq lghqwli|lqj flwl}hqv
rswlpdo yrwlqj ehkdylru L fdq uhvwulfw dwwhqwlrq wr d vlqjoh mxulvglfwlrq1 Wklv lv
ehfdxvh erwk wkh ghprjudsklf frpsrvlwlrq ri mxulvglfwlrqv dqg wkh ohyho ri wudqvihuv
surylghg dfurvv mxulvglfwlrqv duh lghqwlfdo1 Wkhuhiruh lghqwlfdo hohfwrudo rxwfrphv fdq
eh vxvwdlqhg lq hyhu| mxulvglfwlrq1
Lq dq| vlqjoh mxulvglfwlrq flwl}hqv frpsduh srolflhv ri wkh wzr sduwlhv vxfk wkdw wkh
rswlpdo +vlqfhuh, yrwlqj vwudwhjlhv +kS duh=
+l, Iru w|sh +oc  flwl}hqv L-o Ef : L

o Ef dv o :
RRnoo

1 Wkhuhiruh kWo ’ -
+ll,Iru w|sh +Rc  flwl}hqv= L-R Ef 	 L

R Efdv R 	
RRnoo

1 Wkhuhiruh kWR ’ 
+lll,Iru w|sh +oc , flwl}hqv= L-o, Ef : L

o, Ef dv o :
RRnoo

1 Wkhuhiruh kWo, ’ -
+ly,Iru w|sh +Rc , flwl}hqv= L-R, Ef 	 L

R, Efdv R 	
RRnoo

1 Wkhuhiruh kWR, ’ 
Wkhvh yrwlqj vwudwhjlhv duh hdvlo| xqghuvwrrg1 Zlwk iZgjgMt-c qr sduw| xqghu0
wdnhv wdujhwhg uhglvwulexwlrq1 Khqfh/ flwl}hqv yrwh dorqj lqfrph olqhv1 W|shv +oc 
dqg +oc , flwl}hqv yrwh iru sduw| - dqg w|shv +Rc  dqg +Rc , iru sduw|  1 Ixuwkhu/ dv
R :

2
sduw|  v fdqglgdwh zlqv1 E| v|pphwu|/ sduw| S*v fdqglgdwh zlqv lq hyhu|
mxulvglfwlrq1 Wkh qdo srolflhv duh jlyhq e| +8,1
Wklv frqvwlwxwhv dq htxloleulxp li dqg rqo| li iZg ’ fjgMt-c frqvwlwxwh d sdlu
ri ehvw uhvsrqvhv1 Ehiruh L suryh wklv/ qrwh wkdw ulfk orz fdvwh flwl}hqv gr qrw ghvluh
wdujhwhg uhglvwulexwlrq li o : RRnoo
,
1 E| uhduudqjlqj whupv/ wklv frqglwlrq fdq eh
uhzulwwhq dv R, : eR,1 Wkdw lv/ li R, : eR, wkhq luuhvshfwlyh ri wkh ydoxh Z- wdnhv
sduw| - lv dvvrfldwhg zlwk qr uhglvwulexwlrq +dv jlyhq lq +7,,1 Wklv lv dv +7, lv wkh
suhihuuhg srolf| rxwfrph ri doo ulfk flwl}hqv1
Wklv/ lq wxuq/ lpsolhv wkdw frqglwlrqdo rq Z ’ f dq| ghyldwlrq e| sduw| - wr
Z- : f zloo ohdyh sduw| -*v srolflhv xqdhfwhg1 Khqfh wkh yrwlqj ghflvlrqv zloo uhpdlq
xqdowhuhg vxfk wkdw 4Efc f ’ 4Efc Z- ’  Frqvhtxhqwo| - Efc f ’ -

fc Z

-

;Z- 5 qifj Wkhuhiruh sduw| - fdqqrw dowhu lwv qdo sd|r e| lwv fkrlfh ri Z-
dqg Z- ’ f lv d ehvw uhvsrqvh iru sduw| -1 Iru sduw|  lw lv hdvlo| vkrzq wkdw
 EZ

 c f 	  Efc f ;Z 5 qifj Fohduo|/ dv sduw|  r h{shfwhg xwlolw| lv pd{lplvhg
zlwk Z ’ f/ lw frqvwlwxwhv d ehvw uhvsrqvh
Fruroodu| wr Sursrvlwlrq 4
Lqwurgxfwlrq ri dq hohfwrudo odz ri srolwlfdo uhvhuydwlrq uhvwulfwv sduwlhv ihdvleoh vhw ri
hqwu| fkrlfhv/ vxfk wkdw Zg 5  ’ ieZc c j ;g 5 i-cj1 Wkh surri ghprqvwudwhv
wkdw frqglwlrqdo rq R, 	 eR, wkh hqvxlqj srolwlfdo htxloleulxp lv fkdudfwhul}hg e|
sduw| hqwu| fkrlfhv iZg ’ eZjgMt-c > vlqfhuh yrwlqj e| flwl}hqv dqg 4EeZ c eZ- ’  lieZ 	 oEo3R
RRnoo
> dqg 4EeZ c eZ- ’ f li eZ 	 oEo3RRRnoo 1 Iru vlpsolflw|/ L dvvxph eZ 9’ oEo3RRRnoo 1
Wkh surri surfhhgv dv lq sursrvlwlrq 41
Zlwk iZg ’ eZjgMt-c wkhq sduw| -r srolflhv duh
A-EeZ ’ f( B-, EeZ ’ f +9,
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zkloh wkrvh dvvrfldwhg zlwk sduw|  duh
A  EeZ ’ E eZRRnoo


( B, EeZ ’ eZ

RRnoo
,

+:,
Wkh dvvrfldwhg yrwlqj ehkdylrxu lq d mxulvglfwlrq duh=
+l,Iru w|sh +oc  flwl}hqv= L-o EeZ : Lo EeZ dv o : E eZRRnoo 1 Wkhuhiruh
kWo ’ -1
+ll,Iru w|sh +Rc  flwl}hqv= L-R EeZ : LR EeZ li R : E eZRRnoo
, eZ : oEo  R
RRnoo
+;,
Wkhuhiruh kWR ’ - li +;, krogv/ hovh kR ’  1
+lll, Iru w|sh +oc , flwl}hqv= L-o, EeZ : Lo, EeZ li o : EeZRRnoo neZ RRnoo,


Wklv lv wuxh dv orqj dv R, : eR,1 Wkhuhiruh kWo, ’ -1
+ly, Iru w|sh +Rc , flwl}hqv= L-R, EeZ 	 LR, EeZdv R 	 EeZRRnoo n eZ RRnooSn_

1
Wkhuhiruh kWR, ’  1
Wr fkdudfwhul}h wkh hohfwrudo rxwfrph L glvwlqjxlvk ehwzhhq wzr fdvhv/ ghshqglqj
rq zkhwkhu +;, krogv1
L1 Li +;, krogv wkhq w|shv +oc c ERc  dqg +oc , flwl}hqv yrwh iru sduw|-*v fdqglgdwh
E| dvvxpswlrq/ R, 	 2 1 Wkhuhiruh/ sduw| -
r fdqglgdwh zlqv lq hyhu| mxulvglfwlrq1
Lq wklv fdvh 4EeZc eZ ’ f dqg wkh qdo srolflhv duh jlyhq e| +9,1
Wr suryh wkdw klv frqvwlwxwhv d srolwlfdo htxloleulxp/ L qhhg wr vkrz wkdw iZg ’ eZjgMt-c
frqvwlwxwh d sdlu ri ehvw uhvsrqvhv1 Qrwh wkdw wkh h{lvwhqfh ri dq hohfwrudo odz ri sr0
olwlfdo uhvhuydwlrq lpsolhv wkdw qhlwkhu sduw| fdq ghyldwh wr Z 	 eZ1 Lw iroorzv iurp
p| fkdudfwhul}dwlrq ri flwl}hqv* yrwlqj vwudwhjlhv wkdw d ghyldwlrq e| sduw|  wr
Z

: eZ ohdyhv yrwlqj ghflvlrqv xqdhfwhg1 Khqfh 4EZ c eZ ’ 4EeZc eZ ;Z 5 qieZj
dqg  EeZc eZ ’  Z c eZ1 Wkhuhiruh/ Z ’ eZ frqvwlwxwhv d ehvw uhvsrqvh iru sduw|
 1 Iru sduw| -/ dv -EeZc Z 	 -EeZc eZ ;Z 5 qieZjc Z- ’ eZ frqvwlwxwhv d ehvw
uhvsrqvh1
LL1 L qrz frqvlghu wkh fdvh zkhq +;, grhv qrw krog1 Lq wklv fdvh/ flwl}hqv frqwlqxh
wr yrwh dorqj lqfrph olqhv= w|sh +oc  dqg +oc , flwl}hqv yrwh iru sduw| - dqg w|shv
+Rc  dqg +Rc , flwl}hqv iru sduw|  1 Dv R : 2 sduw| 
r fdqglgdwh v1w1 4EeZc eZ ’ 1
Wkh qdo srolflhv duh jlyhq e| +:,1
Wr fkhfn wkdw iZg ’ eZjgMt-c frqvwlwxwh d sdlu ri ehvw uhvsrqvhv qrwh wkdw zlwk
Z ’ eZ d ghyldwlrq e| sduw| - wr Z : eZ ohdyhv wkh srolflhv lw lv dvvrfldwhg zlwk
dqg yrwlqj ghflvlrqv xqdhfwhg1 Khqfh 4EZ

c eZ ’ 4EeZc eZ ;Z 5 qieZj Wkhuhiruh
- EeZc eZ ’ - eZc Zv1w1 Z- ’ eZ lv d ehvw uhvsrqvh iru sduw| -1 Iru sduw| c dv
 EZ

c eZ 	  EeZc eZ ;Z 5 qieZj/ Z ’ eZ frqvwlwxwhv d ehvw uhvsrqvh
Surri ri Sursrvlwlrq 5
Wkh surri ghprqvwudwhv wkdw li +l, dvvxpswlrq 4 krogv/ +ll, o, : R dqg +lll, : 2
wkhq iZg ’ fjgMt-c frqvwlwxwhv dq hqwu| jdph htxloleulxp1 Flwl}hqv yrwh vlqfhuho|
dqg lq wkh hqvxlqj htxloleulxp 4Efc f ’ 1
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L uvw fkdudfwhul}h wkh srolwlfdo htxloleulxp zlwk iZg ’ fjgMt-c dqg wkhq fkhfn
wkdw iZg ’ fjgMt-c frqvwlwxwh d sdlu ri ehvw uhvsrqvhv1 Zlwk iZg ’ fjgMt-c
sduw| - dqg sduw|  r srolflhv duh jlyhq e| +7, dqg +8, uhvshfwlyho|1 Wkhuhiruh wkh
yrwlqj ghflvlrqv duh h{dfwo| wkh vdph dv wkrvh lghqwlhg lq wkh surri ri Sursrvlwlrq
41 Wkdw lv/ w|shv +oc  dqg +oc , yrwh iru sduw| - dqg w|shv +Rc  dqg +Rc , iru sduw|
 1 Dv R : 2 sduw| 
r fdqglgdwh zlqv lq hyhu| mxulvglfwlrq dqg qdo srolflhv duh
jlyhq e| +8,1
L qrz fkhfn wkdw iZg ’ fjgMt-c frqvwlwxwh d sdlu ri ehvw uhvsrqvhv1 Jlyhq
Z ’ f li sduw| - ghyldwhv wr vrph Z- : f wkhq wkh srolflhv dvvrfldwhg zlwk lw dowhu
wr=
B-, ’ Z-

RRnoo
,

dqg A- ’ f
Jlyhq dvvxpswlrq 4/ wkh yrwlqj ghflvlrqv lqgxfhg duh=
+l,Iru w|sh +oc  yrwhuv L-o EZ- : L

o Ef li EZ-o : RRnoo 1 Wkhuhiruh kWo ’ -
li dqg rqo| li Z- 	 Z zkhuh
Z  REo  R
o
+<,
+ll,Iru w|sh +Rc  yrwhuv L-R EZ- 	 L

R Ef dv E  Z-R 	 RRnoo 1 Wkhuhiruh
kWR ’ 
+lll,Iru w|sh Eoc , yrwhuv L-o, EZ- : L

o, Ef li E  Z-o n Z-

RRnoo
,

	 RRnoo


Dvvxpswlrq 4 lpsolhv wklv krogv/ vxfk wkdw kWo, ’ -
+ly, Iru w|sh +Rc , yrwhuv= L-R, EZ- : L

R, Ef li E Z-Rn Z-

RRnoo
,

: RRnoo

1
Wkhuhiruh kWR, ’ - li Z-  Z zkhuh=
Z  ,oEo  R
 EER ,Rnoo +43,
Qrwh wkdw li Z 	 Z wkhq CZ 5  vxfk wkdw +<, dqg +43, duh vlpxowdqhrxvo| vdwlvhg1
Vroylqj +<, dqg +43,/ L qg wkdw d qhfhvvdu| dqg vx!flhqw frqglwlrq iru Z 	 Z lv
o, : R +44,
Jlyhq wkdw +krogv/ wklv lpsolhv wkdw 4Efc f ’  dqg wkh qdo srolflhv duh jlyhq e|
+8,1
Wr hqvxuh wkdw ~Zg ’ fjgMt-c frqvwlwxwhv dq htxloleulxp L qhhg wr frqvlghu
srwhqwldoo| wkuhh srvvleoh ghyldwlrqv e| sduw| -c jlyhq Z ’ f
+l, Li sduw| - ghyldwhv wr Z- 5 ofc Zd wkhq flwl}hq yrwlqj ghflvlrqv uhpdlq xqdi0
ihfwhg1 Wkhuhiruh/ 4Efc Z ’ 4EZ-c Z ’ f vxfk wkdw - Efc f ’ - Efc Z-1
+ll, Li sduw| - ghyldwhv wr Z- 5 oZc Zd wkhq flwl}hqv* rswlpdo yrwlqj ghflvlrq duh
dhfwhg1 Vshflfdoo|/ lw iroorzv iurp flwl}hqv* rswlpdo yrwlqj ghflvlrqv wkdw w|shv
+oc c +Rc  dqg +Rc , zloo yrwh iru sduw|  Ixuwkhu/ 4Efc Z ’ 4EZ-c Z vxfk wkdw
- Efc f ’ - Efc Z-
+lll, Li sduw| - ghyldwhv wr Z- 5 oZc o wkhq w|shv +oc , dqg +Rc , zloo yrwh iru
sduw| - dqg w|shv Eoc  dqg ERc  iru sduw|  1 Dv  : 2 / 4Efc f ’ 4Efc Z- ’ f 
Wkhuhiruh - Efc f ’ - Efc Z-1
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Wdnhq wrjhwkhu/ +l, 0 +lll, lpso| wkdw sduw|- fdqqrw dhfw wkh hohfwrudo rxwfrph e|
lwv fkrlfh ri Z-1 Khqfh 4Efc f ’ 4Efc Z- ’ f ;Z- 5 *ifj Wkhuhiruh/ L fdq frqfoxgh
wkdw Z- ’ f frqvwlwxwhv d ehvw uhvsrqvh iru sduw| - Ixuwkhu dv  Efc f :  EZ

c f
; Z 5 qifj Z ’ f frqvwlwxwhv d ehvw uhvsrqvh iru sduw| 
Fruroodu| wr Sursrvlwlrq 5
Wkh surri ghprqvwudwhv wkdw zlwk wkh odz ri srolwlfdo uhvhuydwlrq lq sodfh ~Zg ’eZjgMt-c frqvwlwxwhv dq hqwu| jdph htxloleulxp/ vxssruwhg e| d yhfwru ri vlqfhuh
yrwlqj ghflvlrqv vxfk wkdw 4EeZc eZ ’ 1
Zlwk iZg ’ eZjgMt-csduw| - dqg sduw|  r duh jlyhq e| +9, dqg +:, uhvshfwlyho|1
Wkh yrwlqj ghflvlrqv duh dv lq wkh fruroodu| wr sursrvlwlrq 4 dqg 4 EeZc eZ ’ 1
L ghprqvwudwh wkdw iZg ’ eZjgMt-c frqvwlwxwh d sdlu ri ehvw uhvsrqvhv1 Wr
gr vr/ L frqvlghu d srvvleoh ghyldwlrq e| wkh orvlqj sduw| sduw| - wr Z- ’ Z

+5

q ieZj zkhq Z ’ eZ Lq wklv fdvh sduw| -r srolflhv fkdqjh wr= A- ’ f dqg
B-, ’ Z


RRnoo
,

 Wkh dvvrfldwhg yrwlqj ghflvlrqv duh=
+l, Iru w|sh Eoc  flwl}hqv= L-o

Z


: Lo EeZli
E Zo : E eZRRnoo


+45,
Wkhuhiruh kWo ’ - li +45, krogv1
+ll, Iru w|sh ERc  flwl}hqv= iru Z

: eZ L-R Z 	 LR EeZ dv E  ZR 	 E eZRRnoo


1 Wkhuhiruh kWR ’ 
+lll, Iru w|sh Eoc , flwl}hqv= L-o,

Z


: Lo, EeZ dv E  Zo n ZERRnoo,  : E eZRRnoo


n eZ RRnoo
,

1 Wkhuhiruh kWo, ’ -1
+ly, Iru w|sh ERc , flwl}hqv= L-R,

Z


: LR, EeZ li
E ZRn ZERRnoo
,
 : E eZRRnoo


n eZRRnoo
,

+46,
Wkhuhiruh kWR, ’ - li +46, krogv1
Krzhyhu/ lw lv hdvlo| vkrzq wkdw li o, : R wkhq dq| Z
 5  zklfk vdwlvhv
+46, ylrodwhv +45,1 Wkhuhiruh e| wkh vdph orjlf dv lq sursrvlwlrq 5/ lw iroorzv sduw|
- fdqqrw lq xhqfh lwv suredelolw| ri zlqqlqj e| fkdqjlqj Z- wr vrph Z

: eZ1 Khqfh
4EeZc eZ ’ 4EeZc Z ’  ;Z 5 qieZj 1 Wkhuhiruh sduw|-r h{shfwhg xwlolw| lv lqyduldqw
wr lwv fkrlfh ri Z- dqg Z- ’ eZ lv d ehvw uhvsrqvh1 Iru sduw|  dv  EeZc Z :  EZc Z
;Z 5 qieZjc Z ’ eZ frqvwlwxwhv d ehvw uhvsrqvh
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; Gdwd Dsshqgl{
Uhohydqw Surylvlrqv lq wkh Frqvwlwxwlrq ri Lqgld +4<83,
Lghqwlfdwlrq ri plqrulw| 4 dqg plqrulw| 5=
Duwlfoh 674 dqg 675 ri wkh Lqgldq frqvwlwxwlrq ghqh wkh phfkdqlvp iru ghfodulqj
frppxqlwlhv dv ehorqjlqj wr plqrulw| 4 dqg plqrulw| 5 uhvshfwlyho|1 Wkh Duwlfoh+v,
vwdwh= cwkh Suhvlghqw diwhu frqvxowdwlrq zlwk wkh Jryhuqru ri wkh vwdwh e| sxeolf
qrwlfdwlrqv vshflhv wkh fdvwhv/ udfhv ru wulehv ru sduwv ri ru jurxsv zlwklq fdvwhv/
udfhv ru wulehv zklfk iru wkh sxusrvhv ri wklv Frqvwlwxwlrq vkdoo eh ghhphg wr eh
plqrulw| 4 +vfkhgxohg fdvwhv, ru vshfli| wkh wulehv ru wuledo frppxqlwlhv ru sduwv ri
lw dv plqrulw| 5 +vfkhgxohg wulehv, uhvshfwlyho| lq wkdw vwdwh1*
Lq nhhslqj zlwk wklv duwlfoh d vfkhgxohg fdvwh rughu dqg d vfkhgxohg wuleh rughu
zdv surpxojdwhg e| wkh Suhvlghqw lq 4<831 Wkhvh zhuh edvhg rq wkh 4<64 fhqvxv
fulwhuld dqg 4<83 wuledo lghqwlfdwlrq fulwhuld/ uhvshfwlyho| +vhh Wdeoh 4,1 Lq 4<89
wklv olvw zhuh uhylvhg wr uhpryh dqrprolhv1 Wkh olvwv uhpdlqhg vwdeoh xqwlo 4<:9
zkhq d Sduoldphqwdu| eloo holplqdwhg lqwud0vwdwh duhd uhvwulfwlrqv rq lghqwlfdwlrq ri
wkhvh jurxsv +rxu srsxodwlrq phdvxuh wdnhv dffrxqw ri wklv fkdqjh,1 Wkh fulwhuld iru
lghqwlfdwlrq ri wkhvh jurxsv kdv/ krzhyhu/ uhpdlqhg xqdowhuhg vlqfh 4<831
Frpsrvlwlrq ri Vwdwh Ohjlvodwxuh dqg surylvlrqv iru srolwlfdo uhvhuydwlrq95
Duwlfoh 4:3 ri wkh Frqvwlwxwlrq vwdwhv wkdw d xqlirup udwlr ri srsxodwlrq eh pdq0
wdlqhg lq wkh glylvlrq ri d Vwdwh lqwr whuulwruldo dvvhpeo| frqvwlwxwhqflhv1 Vhfwlrq 6 ri
Duwlfoh 4:3 vwdwhv wkdw xsrq wkh frpsohwlrq ri hdfk fhqvxv wkh wrwdo qxpehu ri vhdwv
eh dgmxvwhg1
Duwlfoh 663 surylghv iru wkh uhvhuydwlrq ri vhdwv iru plqrulw| 4 dqg plqrulw| 5 lq
wkh Qdwlrqdo Sduoldphqw1 Duwlfoh 665 surylghv iru srolwlfdo uhvhuydwlrq iru plqrulwlhv
4 dqg 5 lq Vwdwh Ohjlvodwlyh Dvvhpeolhv1
Vhfwlrq 6 ri Duwlfoh 665 lghqwlhv wkh edvlv iru srolwlfdo uhvhuydwlrq1 Lw vwdwhv
wkdw/cwkh qxpehu ri vhdwv uhvhuyhg vkdoo ehdu dv qhduo| dv pd| eh/ wkh vdph sursruwlrq
wr wkh wrwdo qxpehu ri vhdwv lq wkh Dvvhpeo| dv wkh srsxodwlrq ri plqrulw| 4 lq wkh
vwdwh ru wkh plqrulw| 5 lq wkh vwdwh/ dv wkh fdvh pd|eh/ lq uhvshfw ri zklfk vhdwv duh
vr uhvhuyhg/ ehduv wr wkh wrwdo srsxodwlrq lq wkh vwdwh*1
Dgplqlvwudwlrq ri Hohfwlrqv dqg Gholplwdwlrq ri Frqvwlwxhqflhv
Wkh Lqgldq Frqvwlwxwlrq surylghv iru wkh hvwdeolvkphqw ri dq Hohfwlrq Frpplvvlrq
ixoo| lqghshqghqw ri wkh Xqlrq dqg Vwdwh Jryhuqphqwv1 Wkh Frqvwlwxwlrq yhvwv lq wkh
Hohfwlrq Frpplvvlrq wkh srzhu ri vxshulqwhqghqfh/ gluhfwlrq dqg frqwuro ri hohfwlrqv1
Diwhu Lqghshqghqfh/ wkh Sduoldphqw sdvvhg d odz hqwuxvwlqj wkh zrun ri gholp0
lwdwlrq wr d wkuhh phpehu frpplvvlrq fdoohg wkh Gholplwdwlrq Frpplvvlrq1 Wklv
frpplvvlrq frqvlvwv ri d uhwluhg Vxsuhph Frxuw mxgjh/ d vlwwlqj Kljk Frxuw Mxgjh
dqg wkh Fklhi Hohfwlrq Frpplvvlrqhu1+iru ixuwkhu ghwdlov/ vhh Jdodqwhu 4<;7,1 Wkh
95Wkh frqvwlwxwlrqdo surylvlrq ri uhvhuyhg vhdwv lv frpsohphqwhg e| vwdwxwru| surylvlrqv wr hq0
kdqfh srolwlfdo sduwlflsdwlrq e| wkhvh jurxsv0 Vpdoohu hohfwlrq ghsrvlwv duh uhtxluhg iurp wkhp dqg
wkh| hqmr| pruh shuplvvlyh uhvlghqfh uhtxluhphqwv1
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gholplwdwlrq frpplvvlrq dqg hohfwlrq frpplvvlrq duh wrjhwkhu uhvsrqvleoh iru glylvlrq
ri d vwdwh lqwr frqvwlwxhqfhv1 Wkh rughuv ri wkh gholplwdwlrq frpplvvlrq dqg hohfwlrq
frpplvvlrq kdyh wkh irufh ri odz dqg fdqqrw eh fdoohg lqwr txhvwlrq lq dq| frxuw1
Gholplwdwlrq Frpplvvlrqv zhuh frqvwlwxwhg lq 4<86 +wkh vdph frpplvvlrq frq0
wlqxhg uhdoorfdwlrq ri vhdwv lq 4<89, dqg diwhu wkh fhqvxv lq 4<94 dqg 4<:41 Wkh
hohfwlrq frpplvvlrq zdv hqwuxvwhg zlwk wkh gxw| ri uhdgmxvwlqj wkh sursruwlrq ri
vhdwv uhvhuyhg diwhu wkh 4<:9 duhd gholplwdwlrq dfw1
Ilqdoo|/ zh vkrxog qrwh wkdw lq 4<:9 wkh wrwdo qxpehu ri frqvwlwxhqflhv lq wkh
Ohjlvodwlyh dvvhpeo| ri d vwdwh zhuh iur}hq e| d Qdwlrqdo dfw ri Sduoldphqw1 Wkhuhiruh
srvw 4<:9 wkhuh kdv ehhq dq lqfuhdvhg glvfuhsdqf| ehwzhhq wkh sursruwlrq ri plqrulw|
4 dqg 5 lq d vwdwh dqg sursruwlrq ri vhdwv uhvhuyhg1
Ghwdlov ri gdwdvhw
Wkh gdwdvhw xvhg lq wklv sdshu kdv ehhq sxw wrjhwkhu iurp d qxpehu ri vrxufhv1
Lw exlogv rq d Lqgldq vwdwh ohyho sdqho gdwdvhw froodwhg e| R}ohu/ Gdww dqg Udydoolrq
+4<<9, dqg Wlp Ehvoh| dqg Urelq Exujhvv +4<<;,1 Wkh pdlq yduldeohv xvhg iurp
wkh R}ohu/ Gdww dqg Udydoolrq +4<<9, gdwdvhw duh wkh sulfh lqglfhv dqg rxwsxw gdwd1
Wkh pdlq yduldeohv xvhg iurp wkh Ehvoh| dqg Exujhvv gdwdvhw duh wkh edvlf sxeolf
h{shqglwxuh dqg hohfwrudo gdwd1 Wr wklv/ L kdyh dgghg gdwd rq wdujhwhg h{shqglwxuh
dfurvv Lqgldq vwdwhv dqg hohfwrudo gdwd shuwdlqlqj wr uhvhuyhg vhdwv1
Wkh gdwd fryhuv wkh vl{whhq pdlq Lqgldq vwdwhv +vhh wdeoh 7,1 Xqwlo 4<98 wkhuh zhuh
48 vwdwhv1 Lq 4<98 Kdu|dqd vsolw iurp Sxqmde dqg lv hqwhuhg dv d vhsdudwh yduldeoh
wkhuhdiwhu1
Sxeolf qdqfh gdwd= Wkh sulpdu| vrxufh iru wkh sxeolf qdqfh gdwd uhjduglqj
qrq wdujhwhg h{shqglwxuh lv wkh Uhvhuyh Edqn ri Lqgld dqqxdo sxeolfdwlrq Uhsruw rq
Fxuuhqf| dqg Ilqdqfh1
Wkh uvw phdvxuh ri wdujhwhg h{shqglwxuh cplqrulw| 4 zhoiduh* lv wkh vwdwh
rxwod|v rq wkh cvshfldo frpsrqhqw sodq*1 Wkh Vshfldo frpsrqhqw sodq zdv ehjxq
lq 4<;31 Wkh vwdwh rxwod|v xqghu wkh VFS duh ghvljqhg wr fkdqqholvh wkh  rz ri
rxwod|v dqg ehqhwv iurp wkh jhqhudo vhfwruv lq wkh sodqv ri Vwdwhv iru ghyhorsphqw
ri plqrulw| 4 phpehuv1
cPlqrulw| 5 zhoiduh* lqfoxghv h{shqglwxuh xqghu wkh vwdwh sodq rq cwuledo vxe sodq*1
Wklv vfkhph ehjdq lq 4<:71 Wkh sxusruwhg dlp lv wkdw xqghu wkhvh vfkhphv hyhu|
vwdwh ghsduwphqw pxvw doorfdwh d fhuwdlq dprxqw ri lwv exgjhwdu| uhvrxufhv iru pl0
qrulw| 5 zhoiduh1
Gdwd rq wkhvh fdwhjrulhv zdv rewdlqhg gluhfwo| iurpplqlvwu| ri zhoiduh grfxphqwv1
Dvvhw uhglvwulexwlrq gdwd= Wkh fxpxodwlyh odqg uhirup lqgh{ zdv fuhdwhg e|
Ehvoh| dqg Exujhvv +4<<;g,1 Wkh yduldeoh lv d fxpxodwlyh phdvxuh wkh wrwdo qxpehu
ri odqg uhirup ohjlvodwlrqv sdvvhg e| d vwdwh196 Iru ixuwkhu ghwdlov rq frqvwuxfwlrq ri
wklv yduldeoh/ vhh Ehvoh| dqg Exujhvv 4<<;1
Duwlfohv 49+7,/ 653+7, dqg 668 surylgh iru mre uhvhuydwlrqv iru pphehuv ri plqru0
lw| 4 dqg 5 lq vwdwh jryhuqphqw vhuylfhv1 Lq d ihz vwdwhv erwk jurxsv vkduh d frpprq
96Wkhvh uhirupv fdq eurdgo| eh glylghg lqwr whqdqf| uhirup/ derolwlrq ri lqwhuphgldulhv/ fhlolqjv
rq odqg kroglqjv dqg frqvrolgdwlrq ri odqg sorwv1
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uhvhuydwlrq1 Mrev lq wkh vwdwh jryhuqphqw vhuylfhv duh glylghg lqwr irxu fodvvhv1 Wkh
mre txrwd yduldeoh phdvxuhv wkh dyhudjh uhvhuydwlrq iru wkh irxu fodvvhv197 Iru frqvlv0
whqf| zh frqvlghu wkh wrwdo mre txrwdv lq d vwdwh1 Wkh yduldeoh kdv ehhq frqvwuxfwhg
xvlqj lqirupdwlrq jlyhq lq wkh dqqxdo uhsruwv ri wkh Vfkhgxohg Fdvwh dqg Vfkhgxohg
Wuleh Frpplvvlrqhu1
Lqhtxdolw| gdwd= Wkh phdvxuh ri vwdwh ohyho lqhtxdolw| xvhg lv wkh Jlql frh!flhqw1 Lw
lv wdnhq iurp wkh R}ohu/ Gdww dqg Udydoolrq +4<<9, gdwdvhw1 Wkh phdvxuh lv edvhg rq
frqvxpswlrq gdwd iurp wkh 55 urxqgv ri frqvxpswlrq h{shqglwxuh vxuyh| frqgxfwhg
e| wkh Lqgldq Qdwlrqdo Vdpsoh Vxuyh|1
Srsxodwlrq gdwd= Srsxodwlrq hvwlpdwhv duh ghulyhg iurp wkh yh fhqvxvhv iru 4<84/
4<94/ 4<:4/ 4<;4 dqg 4<<41 Zh ghulyh |hduo| srsxodwlrq hvwlpdwhv e| dvvxplqj wkdw
ehwzhhq dq| wzr fhqvxvhv srsxodwlrq juhz dw d frqvwdqw +h{srqhqwldo, jurzwk udwh/
ghulyhg iurp wkh uhvshfwlyh srsxodwlrq wrwdov1 Wkh fhqvxv surylghv lqirupdwlrq rq
wkh jhqhudo/ plqrulw| 4 dqg plqrulw| 5 srsxodwlrqv vhsdudwho|1 Lq 4<:9/ fkdqjh lq wkh
ohjdo fodvvlfdwlrq ri plqrulw| 4 dqg plqrulw| 5 ohg wr dq lqfuhdvh lq wkhlu srsxodwlrq1
Zh wuhdw wklv lv wkh iroorzlqj zd|0 zh fdofxodwh dqqxdo srsxodwlrq iru wkh shulrg
4<9404<:9 xvlqj wkh hvwlpdwhv iru 4<94 dqg 4<:41 Iru 4<::04<;4 zh xvh 4<:4 fhqvxv
hvwlpdwhv uhfdofxodwhg xvlqj qhz srsxodwlrq jxuhv dqg wkh 4<;4 jxuh1 Wkhuh lv
wkhuhiruh d euhdn lq wkh srsxodwlrq vhulhv lq 4<::1
Srolwlfdo uhvhuydwlrq gdwd
Gdwd rq wkh sursruwlrq ri vhdwv uhvhuyhg lq hyhu| vwdwh ohjlvodwxuh iru plqrulw|
4dqg plqrulw| 5 kdv ehhq froodwhg iurp wkh Hohfwlrq Frpplvvlrq grfxphqw uhodwlqj
wr hohfwlrq lq d vwdwh1 Wkh gdwd rq wkh sduw| glvwulexwlrq ri wkhvh vhdwv dovr ghulyhv
iurp wkh vdph vrxufh198
97Lq prvw fdvhv wkh mre txrwd lv frqvwdqw dfurvv wkh irxu fodvvhv1
98L dp judwhixo wr Gu1 Sudqqr| Ur| iru surylglqj ph zlwk dffhvv wr frqvwlwxhqf| ohyho hohfwrudo
gdwd lq frpsxwhulvhg irup1
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TABLE 1: LEGAL IDENTIFICATION OF MINORITY GROUPS IN INDIA1
Selection Criteria for minority 1 (1931 Census)
• Can be served by clean Brahmans or not
• Can be served by the barbers, water-carriers, tailors etc. who serve the caste Hindus
• Pollutes a high-caste Hindu by contact or by proximity
• Is one from whose hands a caste Hindu can take water
• Is debarred from using public amenities, such as roads, ferries, wells or schools
• Will be treated as an equal by high caste men of the same educational qualification in
ordinary social intercourse
• Is depressed on account of the occupation followed and whether, but for that,
occupation would be subject to no social disability
Selection Criteria for minority 2 (1950 Presidential List)
• Tribal origin
• Primitive ways of life and habitation in remote and less accessible areas
• General backwardness in all respects
                                                     
1
 The constitution of India (article 341 and 342)  states that the designation of castes and tribes as belonging
to minority 1 and 2 groups respectively will be undertaken by Presidential orders. The criteria in this table
have formed the basis for such Presidential orders.
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TABLE 2: ECONOMIC CHARACTERISTICS OF MINORITY GROUPS IN INDIA2
total
population
non minority
population
minority 1
population
minority 2
population
% population share 100 75.4 16.4 7.9
% urban population 25.7 29.2 18.7 7.3
literacy rate 52.2 57.8 37.4 29.6
% main work force 32.8 36 42
% workers employed in
the Primary sector3
67.5 62.1 77.1 90
% population below
poverty line4
36.9 31.15 53.1 58.4
TABLE 3: REPRESENTATION OF MINORITY GROUPS IN UNRESERVED
LEGISLATURE SEATS5
Lower house of state legislatures
year number of unreserved
seats
of which: minority 1
legislators
of which: minority 2
legislators
1967 2723 4 8
1975 2958 4 -
Upper house of state legislatures
Number of seats of which: minority 1
legislators
of which: minority 2
legislators
19646 750 12 7
19747 294 23 3
                                                     
2
 Source: Census of India 1991
3
 This sector primarily includes those employed in the agricultural sector
4
 Source: Centre for Monitoring Indian Economy for 1983-84
5
 Source: Scheduled caste and Scheduled tribe Commissioner’s reports- various years
6
 for 10 states
7
 for 7 states
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 TABLE 4: MAIN STATE ECONOMIC AND DEMOGRAPHIC VARIABLES
state  minority
1  popn.
(%)
 minority
2  popn.
(%)
minority
1 Seats
(%)
minority
2 Seats
(%)
state
income
(rs. p.c)
minority1
expenditure
(% of total)
minority2
expenditure
(% of total)
education
expenditure
 (% oftotal)
Job
quota
(%)
Cum total
landreform
legisln.
Andhra
Pradesh
14
(0.96)
4
(1)
13.6
(0.52)
4.3
(0.67)
1004
(260)
3.7
(1.39)
1.33
(0.33)
20.05
(1.67)
18.11
(1.56)
1.52
(0.50)
Assam 6
(0.3)
13
(3)
6.1
(0.9)
16.34
(4.93)
903
(196)
1.41
(0.74)
3.89
(0.47)
25.2
(1.99)
17.41
(1.29)
2.00
(1.06)
Bihar 14
(0.3)
7
(1)
13.9
(0.91)
9.16
(0.59)
633
(110)
3.97
(0.72)
8.86
(2.99)
24.74
(2.55)
36.9
(9.6)
4.30
(1.92)
Gujarat 7
(0.3)
14
(0.5)
6.9
(0.35)
13.65
(0.55)
1176
(272)
1.38
(0.54)
4.29
(1.87)
21.84
(2.94)
17.93
(3.2)
3.05
(1.26)
Haryana 19.17
(0.28)
0
(0)
18.7
(0.18)
0
(0)
1444
(357.4)
4.24
(1.62)
0
(0)
17.7
(0.81)
20.1
(0.89)
0
(0)
Jammu
Kashmir
8
(0.5)
0
(0)
7.5
(0.98)
0
(0)
1021
(228)
1.96
(0.9)
0
(0)
15.67
(1.51)
4
(4.05)
1.33
(0.71)
Karnataka 14
(1.2)
2
(1.7)
13.9
(0.64)
0.78
(0.19)
1037
(216)
3.87
(1.29)
0.27
(0.16)
20.25
(1.33)
19.75
(3.07)
2.83
(1.38)
Kerala 9
(0.7)
1
(0.1)
8.76
(0.43)
1.05
(0.37)
864
(182)
2.35
(0.45)
0.36
(0.19)
31.2
(3.7)
10
(0.1)
5.44
(3.37)
Madhya
Pradesh
13
(0.5)
21
(1.4)
13.7
(0.81)
21.06
(1.94)
843
(190)
3.48
(0.60)
8.55
(4.02)
19.12
(1.98)
31.09
(7.23)
2.80
(0.71)
Maharasht
ra
7
(1.6)
7
(1.6)
7.7
(2.9)
6.46
(1.02)
1288
(331)
1.35
(0.38)
2.26
(0.63)
19.47
(1.01)
18.10
(2.9)
1.86
(0.42)
Orrissa 15
(0.5)
22
(0.5)
15.82
(1.34)
22.68
(1.31)
873
(186)
4.76
(2.17)
11.72
(4.8)
20.38
(1.09)
39.8
(1.25)
5.05
(3.11)
Punjab 28
(4)
0 23.1
(1.54)
0
(0)
1732
(384)
2.85
(1.16)
0
(0)
21.96
(2.88)
22.6
(2.72)
0.58
(0.50)
Rajasthan 16
(0.6)
12
(0.3)
16.17
(0.42)
11.51
(0.37)
785
(136)
4.22
(0.77)
3.45
(1.41)
21.59
(1.32)
23.86
(6.75)
0.94
(0.23)
Tamil
Nadu
18
(0.4)
0.8
(0.1)
17.96
(0.03)
0.9
(0.32)
1015
(272)
4.65
(1.05)
0.24
(0.07)
21.41
(1.91)
16.69
(1.09)
4.91
(2.54)
Uttar
Pradesh
21
(0.16)
0.7
(0.9)
21.03
(0.38)
0.12
(0.11)
874
(140)
4.6
(1.01)
0.03
(0.01)
21.13
(1.79)
32.58
(6.67)
3.75
(1.25)
West
Bengal
20
(3.2)
5
(0.13)
19.3
(0.94)
5.8
(0.09)
1173
(191)
2.78
(0.48)
1.2
(0.37)
23.45
(1.65)
27.08
(7.59)
6.13
(5.58)
TOTAL 14.5
(6.16)
7.29
(7.49)
14.01
(5.28)
7.30
(7.70)
1030.52
(346.12)
3.24
(1.57)
2.95
(4.07)
21.33
(4.56)
22.29
(10.3)
2.91
(2.74)
Standard deviations are in parenthesis. The data appendix provides further details.
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TABLE 5: DESCRIPTIVE STATISTICS FOR ALL VARIABLES
units mean
standard
deviation years
Policy choices
1. state expenditure p.c. rs. per person 197.88 86.2 1974-928
  of which:
2. minority 1 welfare share9 % 3.24 1.57 1980-92
3. minority 2 welfare share10 % 2.96 4.08 1974-92
4. education share % 21.59 3.95 1974-92
5. cumulative land reform
index
absolute nos. 2.9 2.74 1957-92
6. minority job quota % 22.29 10.62 1957-92
Political reservation11
Seats reserved for
1. minority 1 in state
legislatures
% 14.01 5.28 1957-92
2. minority 2 in state
legislatures
% 7.30 7.7 1957-92
Budget constraint variables
1. state income p.c. 12 rs. per person 1030.5 346 1960-92
2. federal grants p.c.13 rs. per person 29.31 35.31 1958-92
Income distribution and demographic variables
1. gini coefficient14 % 29.7 3.8 1958-92
2. minority 1 population % 14.19 5.62 1957-92
3. minority 2 population. % 7.40 7.49 1957-92
Political variables15
1. seats won by congress party
of which
(a) minority 1 seats
(b) minority 2 seats
% 49.1
7.09
4.1
25.1
4.53
5.19
1957-92
2. seats won by left parties
of which:
(a) minority 1 seats
(b) minority 2 seats
% 23.3
2.93
.93
22.5
4.16
2.42
1957-92
                                                     
8
 missing for J&K for 1992
9
 missing for 1984 for all states except andhrapradesh & assam, missing for 1980 and 1981 for J&K
10
 for andhra we lack 1986 data, for maharashtra & tamilnadu 1974 data and 1974, 1975 & 1986 for UP
11
 For J&K the series starts in 1962, and for Punjab and Haryana in 1966
121992 data is missing for Haryana, Punjab and J&K
13
 1992 data is missing for J&K
14
 we lack 1958 data for Gujarat, 1960 and 1992 data for J&K, 1958 data for maharashtra
15
 for haryana the data begins in 1966, for J&K we lack data for 1957-61
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TABLE 6: MINORITY REPRESENTATION AND POLICY CHOICES
general policies targeted policies
total state
expenditure
p.c.
(rs./person)
education
spending
(%)
cum. land
reform
legislation
(no.)
minority 1
welfare
spending
(%)
minority 2
welfare
spending
(%)
total job
quotas
(%)
(1) (2) (3) (4) (5) (6)
model OLS OLS Poisson OLS OLS OLS
% seats reserved for
minority 1
0.588
(0.164)
-0.746
(2.854)
0.057
(1.524)
-0.468
(0.991)
-0.310
(1.116)
0.611
(4.443)
% seats reserved for
minority 2
-2.305
(1.168)
0.209
(1.028)
-0.0003
(0.011)
-0.644
(1.318)
0.949
(3.388)
0.376
(2.191)
% minority 1
population
-4.305
(1.280)
0.786
(3.352)
0.140
(3.384)
0.076
(0.529)
      -0.461
     (2.413)
0.683
(4.338)
% minority 2
population
5.211
(2.639)
-0.616
(3.185)
-0.106
(2.531)
0.269
(0.759)
-0.460
(1.943)
-0.210
(0.860)
F-test : reservation &
population variables
F(4, 264)=2.21
(0.06)
F(4, 264)=7.4
(0)
Chi2(4)=17.9
(0.001)
F(4,158)=1.6
(0.17)
F(4,258)=6.3
(0.0001)
F(4,490)=13.6
(0)
election dummy 2.809
(0.644)
0.079
(0.294)
0.006
(0.093)
0.120
(0.464)
-0.346
(1.481)
-0.282
(0.602)
cumulative land
reform (t-4)
0.085
(4.124)
state indicators? yes yes yes yes yes yes
year indicators? yes yes yes yes yes yes
R2 0.98 0.99 (pseudo):0.41 0.93 0.90 0.97
sample size 303 304 501 192 298 553
All OLS regressions are reported with robust standard errors. For OLS regressions t-statistics are
in parenthesis, and for Poisson regression z-statistic. The data is for sixteen states. For all public
finance regressions, except minority 1, expenditure regressions we use 1974-1992 data. Lack of
1992 state income data for Jammu and Kashmir reduces the sample size in the column (1)
regression. Lack of minority 2 expenditure data for 6 observations (for details, see descriptive
statistics) reduces sample size in the column (5) regression. The minority 1 expenditure
regression uses data for 1980-92. 16 observations on minority 1 expenditure are missing (for
details, see descriptive statistics). The land reform regression uses data from 1961-1992. The job
quota regression uses data from 1957-1992. In both cases the sample size is reduced by the fact
that the data on political reservation begins in 1966 for Punjab and Haryana, and in 1962 for
Jammu and Kashmir.
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TABLE 7: MINORITY REPRESENTATION AND POLICY CHOICES:
CONTROLLING FOR OMITTED VARIABLES
general policies Targeted policies
total state
expenditure
p.c.
(rs./person)
education
spending
(%)
cum. land
reform
legislation
(no.)
minority 1
welfare
spending
(%)
minority 2
welfare
spending
(%)
total job
quotas
(%)
(1) (2) (3) (4) (5) (6)
model OLS OLS Poisson OLS OLS OLS
% seats reserved for
minority 1 in legislature
-0.587
(0.198)
-0.509
(1.858)
0.041
(0.838)
-0.474
(1.004)
-0.255
(0.916)
0.538
(1.976)
% seats reserved for
minority 2 in legislature
-1.169
(0.631)
0.227
(1.059)
-0.028
(0.556)
-0.574
(1.054)
0.946
(3.374)
-0.011
(0.035)
% minority 1 population -4.898
(1.784)
1.072
(4.520)
0.154
(3.181)
-0.015
(0.108)
      -0.407
     (2.03)
1.120
(6.322)
% minority 2 population 2.592
(1.387)
-0.649
(3.303)
-0.109
(2.234)
0.291
(0.705)
-0.445
(1.814)
-0.499
(1.895)
electoral dummy 2.390
(0.584)
0.173
(0.655)
0.003
(0.045)
0.110
(0.411)
-0.325
(1.370)
-0.333
(0.802)
state  income  p.c. (t-4) 0.110
(4.827)
-0.002
(1.670)
-0.0003
(0.602)
0.001
(0.758)
-0.001
(0.910)
-0.004
(2.781)
federal grants to state
p.c. (t-4)
0.471
(1.811)
0.046
(3.551)
0.002
(0.780)
-0.001
(0.092)
0.008
(0.909)
0.026
(2.039)
gini coefficient (t-4) 0.728
(0.877)
-0.013
(0.243)
0.003
(0.227)
-0.033
(0.723)
-0.02
(0.408)
-0.065
(0.638)
cumulative land reform
(t-4)
0.06
(2.747)
state indicators? yes yes yes yes yes yes
year indicators? yes yes yes yes yes yes
R2 0.99 0.99 (pseudo): 0.40 0.93 0.91 0.98
sample size 303 304 443 192 298 443
All OLS regressions are reported with robust standard errors. For OLS regressions t-statistics are
in parenthesis, and for Poisson regression z-statistic. The data are for the sixteen major states. For
the public finance regressions the time period covered is as in table 2.6. For the asset
redistribution regressions (columns 3 and 6) we have data from 1964-92 for 12 states. For
Haryana (which was formed from Punjab in 1965) we have data from 1970-92. For Punjab we
have data from 1969-92. For Jammu and Kashmir we have data from 1968-92 and for Assam we
have data for 1964, 1969 and 1972-92.
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TABLE 8a: THE POPULATION AND RESERVATION CORRELATION COEFFICIENTS
Population group Correlation coefficient
(variables  considered: deviations from mean of
the population and reservation series respectively)
minority 1 0.22
minority 2 0.18
TABLE 8b:  POPULATION AND RESERVATION REGRESSION
% seats reserved for minority 1 % seats reserved for minority 2
(1) (2) (3) (4)
model OLS OLS OLS OLS
% minority 1 population 0.965
(190.756)
0.099
(1.431)
1.000
(135.585)
% minority 2 population 0.870
(11.811)
Election dummy -.008
(0.083)
-0.032
(0.248)
state effects no yes no yes
year effects no yes no yes
R squared 0.98 0.99 0.98 0.99
sample size 553 553 553 553
All regressions are reported with robust standard errors. The t-statistics are in parenthesis. The
regressions uses data from 1957-1992 for the sixteen major states. The sample size is reduced by
the fact that the data on political reservation begins in 1966 for Punjab and Haryana, and in 1962
for Jammu and Kashmir.
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TABLE 9: POLITICAL RESERVATION AND PARTY PERFORMANCE
% seats won by
congress
% seats won by
left party grouping
(1) (2)
model
% seats reserved for
minority 1
-1.139
(1.270)
1.047
(2.194)
% seats reserved for
minority 2
0.347
(0.488)
0.599
(0.892)
% minority 1  population -2.287
(3.372)
2.472
(4.198)
% minority 2 population 0.442
(0.552)
-0.886
(0.971)
state indicators? yes yes
year indicators? yes yes
R2 0.90 0.79
sample size 553 553
All regressions are reported with robust standard errors. The t-statistics are in parenthesis. The
regressions uses data from 1957-1992 for the sixteen major states. The sample size is reduced by
the fact that the data on political reservation begins in 1966 for Punjab and Haryana, and in 1962
for Jammu and Kashmir.
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TABLE 10 :  PARTY IDENTITY AND CASTE IDENTITY
general policies targeted policies
total state
expenditure
p.c.
 rs./person
education
spending
(%)
cum. land
reform
legislation
(no.)
minority 1
welfare
spending
(%)
minority 2
welfare
spending
(%)
total job quotas
(%)
(1) (2) (3) (4) (5) (6)
model OLS OLS Poisson OLS OLS OLS
Proportion seats
reserved for minority 1
0.997
(0.294)
-0.735
(2.783)
0.066
(1.580)
-0.871
(1.907)
-0.303
(1.107)
0.401
(2.806)
Proportion seats
reserved for minority 2
-5.089
(1.816)
0.257
(1.158)
-0.004
(0.122)
-0.332
(0.593)
0.866
(2.913)
0.524
(2.723)
% seats reserved for minority 1 won by:
congress party -1.591
(1.643)
-0.018
(0.318)
-0.005
(0.388)
-0.001
(0.003)
.0003
(0.013)
0.09
(1.321)
left party grouping -2.865
(2.403)
0.013
(0.187)
-0.001
(0.113)
0.107
(1.778)
-0.048
(1.263)
0.271
(3.431)
% seats reserved for minority 2  won by
congress party 2.638
(2.403)
-0.065
(1.045)
0.008
(0.536)
-0.105
(2.442)
0.218
(2.355)
-0.257
(2.666)
left party grouping 3.707
(3.180)
-0.066
(0.981)
0.007
(0.427)
-0.050
(0.562)
0.267
(2.483)
-0.213
(2.091)
% minority 1 population -5.141
(1.519)
0.780
(3.331)
0.143
(3.283)
0.128
(0.910)
-0.508
(2.698)
0.502
(3.121)
% minority 2 population 5.718
(2.960)
-0.641
(3.259)
-0.108
(2.568)
0.314
(0.874)
-0.390
(1.692)
-0.268
(1.102)
election dummy 3.231
(0.747)
0.036
(0.136)
0.004
(0.066)
0.080
(0.322)
-0.256
(1.174)
-0.317
(0.664)
cum. land reform(t-4) 0.080
(3.594)
state indicators? yes yes yes yes yes yes
year indicators? yes yes yes yes yes yes
R2 0.98 0.99 (pseudo)0.41 0.94 0.91 0.99
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TABLE 10(continued)
F-tests for legislators
elected from minority 1
seats (p value)
2.44
(0.089)
3.63
(0.027)
2.30
(0.31)
3.81
(0.024)
2.31
(0.101)
4.21
(0.015)
elected from minority 2
seats (p value)
4.82
(0)
1.03
(0.358)
0.09
(0.95)
0.30
(0.739)
2.29
(0.103)
4.85
(0.008)
congress16 legislators
(p value)
4.80
(0.029)
0.19
(0.663)
0.09
(0.76)
1.52
(0.219)
4.33
(0.038)
5.82
(0.016)
left legislators
(p value)
8.95
(0.003)
0.40
(0.527)
0
(.11)
1.52
(0.219)
6.71
(0.010)
10.26
(0.001)
sample size 303 304 501 192 298 553
All OLS regressions are reported with robust standard errors. For OLS regressions t-statistics are
in parenthesis, and for Poisson regression z-statistic. The data is for sixteen states. The years
covered in each regression and resulting sample size is as in Table 2.6 (see endnote of table 2.6
for details).
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 This F-test is a joint test of the equality of the coefficients for any party: (proportion SC
legislators)=(proportion ST legislators)=(proportion gen. Legislators)
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TABLE 11: NORTH-SOUTH DIFFERENCES
general policies targeted policies
total state
expenditure
p.c.
 rs./person
education
spending
(%)
cum. land
reform
legislation
(no.)
minority 1
welfare
spending
(%)
minority 2
welfare
spending
(%)
total job quotas
(%)
(1) (2) (3) (4) (5) (6)
model OLS OLS Poisson OLS OLS OLS
% seats reserved for
minority 1 in south17
-2.416
(0.353)
-1.463
(1.785)
0.039
(0.239)
-2.972
(1.251)
-0.647
(1.017)
-2.892
(3.650)
north south differences 9.718
(1.296)
1.011
(1.215)
0.219
(0.133)
2.606
(1.076)
0.029
(0.043)
3.554
(4.354)
% seats reserved for
minority 2 in south
15.939
(1.690)
0.284
(0.281)
0.067
(0.363)
3.905
(0.603)
-0.492
(0.707)
-5.306
(6.246)
north south differences -22.448
(2.508)
-0.292
(0.297)
-0.070
(0.395)
-4.698
(0.735)
1.612
(2.169)
5.525
(7.008)
% minority 1
population
-5.341
(1.613)
0.761
(3.256)
0.139
(3.356)
0.073
(0.503)
      -0.393
     (2.139)
0.726
(4.744)
%  minority 2
population
5.594
(2.571)
-0.531
(2.360)
-0.105
(2.263)
0.248
(0.697)
-0.416
(1.486)
0.221
(0.801)
election dummy 2.447
(0.572)
0.086
(0.313)
0.006
(0.095)
0.093
(0.346)
-0.312
(1.331)
-0.142
(0.311)
cumulative land
reform (t-4)
0.087
(4.128)
state indicators? yes yes yes yes yes yes
year indicators? yes yes yes yes yes yes
R2 0.98 0.99 (pseudo):0.41 0.93 0.91 0.98
sample size 303 304 501 192 298 553
All OLS regressions are reported with robust standard errors. For OLS regressions t-statistics are
in parenthesis, and for Poisson regression z-statistic. The data is for sixteen states. The years
covered in each regression and resulting sample size is as in Table 2.6 (see endnote of table 2.6
for details).
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 The regressions included the variable % seats reserved for minority1 and the same interacted with a
North India dummy. The dummy took the value of one for north Indian states and zero for South Indian
states.
